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SUMMARY 
The NPDES permits for StarKist Samoa and COS Samoa Packing (the canneries) includes 
effluent limitations for copper, zinc, mercury, and ammonia which are discharged into 
approved mixing zones. Toxicity testing is required by the permits but is not listed as an 
effluent limitation. Although not explicitly required by the current NPDES permits at this 
time, effluent samples were collected in May 2008 and analyzed for the four chemical 
parameters and chronic toxicity. All chemical parameters were well below the NPDES 
permit specified effluent limitations. Chronic toxicity units were below the specified trigger 
point. Chronic toxicity appears to be attributable to ammonia concentrations in the effluent. 
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INTRODUCTION 
The current NPDES permits for StarKist Samoa (SKS) and COS Samoa Packing (COS) 
became effective on April 1, 2008. The permits require semiannual testing and reporting for 
copper, zinc, and mercury, commencing in the second half of 2008. The permits require 
weekly testing and monthly reporting for ammonia, commencing at the effective date of the 
permit (EDP). In addition the permits require semiannual chronic toxicity testing following 
submission of a Workplan for a Chronic Toxicity Special Study within 180 days of the EDP. 
Although not required by the permit, samples were collected and analyzed in May 2008 for 
the three metals and chronic toxicity to facilitate development of the Chronic Toxicity 
Workplan. In addition, the samples used for the metals and toxicity testing were analyzed 
for ammonia because it is undoubtedly, based on previous testing, the primary cause of 
toxicity in the effluent. 

The samples were collected before the SKS and COS effluents enter the Joint Cannery 
Outfall OCO) shared by the canneries. Both SKS and COS process tuna and, after high 
strength waste segregation, the treated process wastewater is discharged to Outer Pago 
Pago Harbor. The discharge is through a pipeline terminating in an engineered diffuser in 
approximately 176 feet of water. The existing SKS and COS NPDES permits have permitted 
zones of mixing (ZOMs) for copper, zinc, mercury, and ammonia. 

Effluent grab samples were collected over a 24-hour period and were used to create flow 
weighted composite samples. Composite samples were created for each cannery for 
chemical analysis and a composite sample of the combined effluents was created for the 
chronic toxicity test. This Technical Memorandum reports the results of the sampling and 
analyses. 

APPROACH AND METHODS 
Sampling and sample handling methods followed the standard operating procedures (SOP) 
that were previously developed and approved by the USEPA and ASEPA for cannery 
effluent sampling1. Between 09:00 on 7 May and 06:00 on 8 May 2008, samples of final 
effluent were collected from the SKS and COS effluent discharges at the established effluent 
sampling sites. 

A total of eight grab samples were collected at each cannery into I-liter plastic bottles. 
Samples were collected at three-hour intervals over the 24-hour period. Each cannery 
started the sampling at the same time to simulate the cannery effluent entering the JCO. The 
samples were stored on ice or in a refrigerator until the completion of the 24-hour sampling 
period. 

After all samples were collected, flow weighted composite samples were prepared for each 
cannery. Using these composite samples, laboratory supplied bottles (one for mercury 
analysis, one for copper and zinc analysis, and one for ammonia analysis for each cannery) 
were filled. The individual cannery composite samples were also used to prepare a single 
combined cannery flow-proportioned composite sample for the bioassay test sample. The 
samples were packed on ice in an ice chest for shipment to the laboratories. Chain-of-

1 This SOP is currently under review and a revised version will be incorporated into the Quality 
Assurance manual being developed as a requirement of the NPDES permits. 
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custody forms for the samples were completed and sealed into a zip-lock bag and taped 
inside the lid of the ice chest. The samples were shipped via OHL to the chemistry testing 
laboratory. The bioassay sample was hand-carried to Honolulu and then shipped Federal 
Express to the bioassay laboratory. The chain-of-custody forms are provided with the 
laboratory reports (Attachments 1 and 2). 

COMPOSITE SAMPLE FORMULATION 
Table 1 shows the effluent flows at the time of collection of each sample from which the 
composite samples were formulated. The chemistry samples for each cannery were 
composited using the percent of total flow for each effluent stream. The combined 
composite sample was then formulated based on the percentage of total combined flow 
(shown in the last row of Table 1). 

Table 1. Composite Sample Formulation 
Ma, 2008 JCO Effluent Samolina 

Sample 
StarKist Samoa COS Samoa Packing 

Date Time Percent of Percent of 
Number Flow (mgd) 

Total Flow Flow (mgd) 
Total Flow 

1 517/2008 9:00 0.90 0.072 0.92 0.137 
2 5/7/2008 12:00 1.39 0.111 0.84 0.125 
3 5/7/2008 15:00 1.86 0.149 0.84 0.125 
4 5/7/2008 18:00 1.91 0.153 0.84 0.125 
5 517/2008 21:00 1.55 0.124 0.84 0.125 
6 517/2008 0:00 1.81 0.145 0.84 0.125 
7 5/8/2008 3:00 1.58 0.126 0.84 0.125 
8 5/8/2008 6:00 1.48 0.119 0.76 0.113 

Average Flow 1.56 0.84 
Percent of Combined Composite 65% 35% 

RESULTS AND DISCUSSION - CHEMICAL PARAMETERS 
The results of the analyses for metals and ammonia are summarized in Tables 2, 3, and 4. 
The laboratory data report is provided in Attachment 1. Table 2 presents the results for the 
composite SKS sample analyses and indicates that all four parameters are below the permit 
limitations. Table 3 presents the results of the composite COS sample analyses and indicates 
that all four parameters are below the permit limitations. Table 3 presents the combined 
flow-weighted parameter concentrations and loadings calculated from the results in Tables 
2 and 3. 

The results for the combined sample (Table 4) compared to the EPA chronic criteria2 for 
aquatic life in saltwater, show the following: 

• Copper is slightly above the chronic toxicity criterion3 of 3.1 µg/1. 

• Zinc is 3.3 times the chronic toxicity criterion3 of 81 µg/1 

2 Toxicity criteria are from the National Recommended Water Quality Criteria (NRWQC), U.S. 
Environmental Protection Agency. 
3 The American Samoa Water Quality Standard (ASWQS) criterion is identical to the EPA criterion. 
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• Mercury is well below the chronic criterion4 of 0.94 µg/1 

• Ammonia is the primary toxic component in the effluent and is approximately 73 
times the chronic toxicity concentration3,5 of approximately 0.44 mg/1 

Table 2. StarKist Samoa - Chemical Parameters 
Mav 2008 JCO Effluent Samplina 

Result Permit limitation 

Parameter Units 05/08/08 Average Daily Compliance 
Sample Monthly Maximum 

Parameter Concentration 
Ammonia (N), Total mg/I 23.8 83.36 167.26 Yes 

Coooer µg/1 2.86 58.42 117.22 Yes 

Zinc µg/1 263 1138 2284 Yes 

Mercury µg/1 0.159 1.8 4.72 Yes 

Parameter Loading 
Flow mgd 1.56 MO MO Yes 

Ammonia {N\, Total lbs/day 310 2016 4045 Yes 

Coooer lbs/day 0.037 1.41 2.84 Yes 

Zinc lbs/day 3.42 27.52 55.24 Yes 

Mercury lbs/day 0.002 0.04 0.11 Yes 

Table 3. COS Samoa Packing - Chemical Parameters 
May 2008 JCO Effluent Samolina 

Result Permit Limitation 

Parameter Units 05/08/08 Average Daily Compliance 
Sample Monthly Maximum 

Parameter Concentration 
Ammonia, Total mg/I 47.2 83.36 167.26 Yes 

Coooer µQ/1 3.85 58.42 117.22 Yes 

Zinc µg/1 280 1138 2284 Yes 

Mercury µg/1 0.162 1.8 4.72 Yes 

Parameter Loading 
Flow mgd 0.84 MO MO Yes 

Ammonia, Total lbs/day 331 2016 4045 Yes 

Coooer lbs/day 0.027 1.41 2.84 Yes 

Zinc lbs/day 1.96 27.52 55.24 Yes 

Mercury lbs/day 0.001 0.04 0.11 Yes 

4 The ASWQS criterion is 0.050 µg/1 and is based on human health criteria. 
5 Estimated for salinity of 30 g/kg, temperature of 30°C, and pH of 8.0, which are representative of 
the receiving waters. 
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Table 4 Combined Sample - Chemical Parameters 
May 2008 JCO Effluent SamplinQ 

Parameter Units SKS Sample COS Sample Combined 

Sample 

Parameter Concentration 
Ammonia (N), Total mg/I 23.8 47.2 32.0 
Conner µg/I 2.86 3.85 3.21 
Zinc µg/I 263 280 269 
Mercury µg/I 0.159 0.162 0.160 

Parameter Loading 
Flow mgd 1.56 0.84 2.4 
Ammonia, Total lbs/day 310 331 641 
Coooer lbs/day 0.037 0.027 0.064 
Zinc lbs/day 3.42 1.96 5.39 
Mercury lbs/day 0.002 0.001 0.003 

RESULTS AND DISCUSSION - TOXICITY TESTING 
The NPDES permits for both canneries require semi-annual range-finding toxicity testing 
during the first three years of the permit. As mentioned above, bioassay testing was not 
explicitly required at this time, but was conducted to provide preliminary information to 
prepare a workplan for subsequent tests. The results of the initial tests, conducted with the 
combined composite effluent sample, are summarized in Table 5. The full report is included 
as Attachment 2. During the range-finding testing period the permit requires that 
additional testing be done if the results indicate an NOEC or lC25 of less than 0.39% (or TUc 
of greater than 256). The test results are well above the trigger concentration (below the TUc 
trigger point)6. 

Table 5. Summary Results of Chronic Toxicity Tests 
Mav 2008 JCO Effluent SamplinQ 

Test Endpoint Percent Effluent TUc Reauired TUc 
LOEC 3.12 .. .. 
NOEC 1.56 64.1 

!, 256 
IC25 2.41 41.5 
IC50 3.12 .. --

LOEC = lowest observed effects concentration 
NOEC = no observed effects concentration 
IC25 = inhibition concentration, development was inhibited in 25% of the organisms 
IC50 = inhibition concentration, development was inhibited in 50% of the organisms 
TUc = chronic toxicity units(= 100/NOEC or 1 00/IC25) 

6 Although the permit specifies both NOEC and IC2s as endpoints, EPA has recently indicated that 
"EPA recommends the use of point estimation techniques over hypothesis testing approaches for 
calculating endpoints for effluent toxicity tests under NPDES Permitting Program" (Final Rule for 
Guidelines Establishing Test Procedure for the Analysis of Pollutants; v\t'hole Effluent Toxicity Test Methods, 
Fed. Reg. 69951-69972 (November 19, 2002). EPA Region 1 and EPA Region 2 have determined that 
the IC2s is a more appropriate endpoint because NOEC tends to provide inconsistent results when 
actual toxicity and biological effects are considered. 
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CONCLUSIONS 
The indicated toxicity is substantially higher than that attributable to the zinc concentrations 

and is close to that attributable to the ammonia concentrations. This result is consistent with 

the result of acute toxicity testing done during the previous permit period. In that case the 

toxicity was correlated with, and attributable to, the ammonia concentrations in the effluent. 

ATTACHMENT 1 

Columbia Analytical Systems Laboratory Report 
Chemistry Analyses 

ATTACHMENT 2 

Weston Solutions Laboratory Report 
Bioassay Testing 

Attachments are provided to USEP A and ASEP A under separate cover. 
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Discussion Points for JCO Pre-draft NPDES Permits 

22 October 2007 

Prepared by gdc 

For infor:i-nal discussion with USEPA and ASEP A 



AGENDA 

Discussion of Pre-Draft NPDES Permits for 
American Samoa Canneries 

October 22, 2007 

I. StarKist and COS Facilities 
i. Permit Derivation (WQBELs) 

- Zinc and Copper 
-Ammonia 
- Mercury 

ii. Whole Effluent Toxicity Testing 
-RP 
- Permit Derivation 
- Monitoring and Reporting 

II. Other items 
- Status of 301(h) application review for Tafuna and Utulei facilities 
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Effluent Limitations 
General Comments/Observations/Questions 

• Why include monthly averages when sampling is 
required monthly? This effectively reduces the 
limitation arbitrarily. 

• Why include mass loadings for ammonia mercury, 
copper, and zinc? 
- These are based on concentration in the receiving 

water. 

- This is a water body that has free connection to the 
open coastal ocean. 

- If included mass loading should be based on the 
previously permitted flows. Why was flow eliminated? 
This effectively reduces previous limitations arbitrarily. 
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Effluent Limitations 
General Comments/Observations/Questions 

• Why are flow limitations removed? 

• Why include concentration limitations for TN 
and TP? 
- The mixing zone was based on a mass loading 

model. 

• Why was temperature eliminated from the 
effluent limitations? 

• Does 1.8.6 defer to the ASWQS for 
arsenic? 
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Effluent Limitations 
General Comments/Observations/Questions 

• Why are nutrient sampling frequencies 
reduced? 

• Why are metals sampling frequencies 
increased? 
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Summary Tables 

• Attachment A: 
- StarKist Samoa Pre-draft Effluent Limitations 

- COS Samoa Packing Pre-draft Effluent Limitations 
• These tables compare existing (2001) and proposed 

effluent limitations (canneries and EPA proposals) 

• Monitoring frequency is also shown 

• The original permit limitations (1992 permit) are shown for 
reference 
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Summary Tables 

• Attachment B: 
- Pre-draft Effluent Limitations and RPA Values 

- These tables compare the EPA proposed limitations 
and the EPA calculated RPA values 

- The tables indicate the clear potential for immediate 
violations as soon as the permit becomes effective 

6 



pH Limitation 

• EPA reduced to monthly monitoring with a 
single grab sample and a limitation based , 
on the WQS 

• This is substantially more stringent than 
the existing limitation 

• There is the potential for violations that do 
not result in any environmental harm 

• How do we address this? 
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TSS and O&G 

• These are based on production. 
• Production can vary greatly and the 

canneries need to be able to respond to 
supply and demand. 

• The canneries request that these 
parameters be based on the maximum 
production capability: 
- StarKist at 600 tons/day 
- SamPac at 450 tons/day 
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Nutrients - EPA Proposal 

• EPA proposes to change the nutrient 
limitations 

• The EPA limitations are based on a 
dilution rather than a mass loading derived 
mIx1ng zone 

• EPA proposes to add concentration limits 
as well as mass limits 

• Proposed mass limits are based on 
historic rather than permitted flows 
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Nutrients - JCO Review 

• The previous mixing zone was based on a quasi-steady 
state mass loading model and total load from both 
canneries ( allocated between the canneries by 
agreement) 

• The total load limitation was less than the mass loading 
model predicted assimilative capacity - particularly for 
the daily max 

• The canneries can not comply with the revised 
limitations for phosphorous 

• It is important to note that nutrient concentration is NOT 
directly related to flow. Lower flows may have higher 
concentrations even though loadings may well be lower. 
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Nutrients - Comparison 

New Existing 

Average Maximum Average Maximum 

Total Nitrogen - lbs/day 

SKS 1283 4248 1200 2100 

cos 728 2082 800 1935 

Total 2011 6330 2000 4035 

Total Phosphorus - lbs/day 

SKS 157 518 192 309 

cos 88 252 208 271 

Total 245 770 400 580 
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Nutrients - Cannery Proposal 

• Base limitations on total loading model as done 
previously 

• Maintain at least the existing limitations 
• Do not include concentration limitations, since these are 

not the basis for the mixing zone 
• Note: TP and TN are not conservative, but mass loading 

model assumed the parameters are conservative. This 
leads to an over prediction of concentrations contributed 
by the discharge at the EOMZ 

• Question of monthly average limitation for single sample 
per month needs to be clarified 
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Toxic Mixing Zone Parameters 

Determination of Assimilative Capacity 
for Toxic Substances 

EPA Maximum Allowable 
EPA EPA 

Parameter 
Background 

CID WQS 
Effluent Concentration 

RPA RPA 
SKS cos 

Ammonia (mg/I) 0.005 313 0.33 102 167 107 

Copper (µg/1) 0.296 313 3.1 878 346 468 

Zinc (µg/Q 2.093 313 81 24700 4740 1200 

Mercury (µg/I) 0.0062 313 0.05 13.7 1.13 1.15 

Note: EPA RPA appears to be based on a CV of 0.6. However, the fact sheet is contradictory on this 
point and requires clarification. The canneries disagree with this approach and believe the CV 
should be calculated for any constituent that has more than 10 samples. 
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Ammonia - EPA Proposal 

• EPA previously applied a mixing zone for 
ammonia based on acute criteria 

• The canneries simply asked that this be 
unchanged in the new permit and did not 
apply for other ZOMs for ammonia 

• EPA now proposes a mixing zone for 
ammonia based on chronic criteria but 
using the dilution required for chronic 
criteria 
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Ammonia - Canneries Proposal 

• Define a mixing zone for ammonia based 
on CID 

• This results in a proposed limitation of: 

jcE = CID(Cs -CA)+CA = 317-(0.33-0.005)+ 0.005 = 103 mg/11 

• Suggest daily maximum only. Monthly 
averages not meaningful for sampling 
once per month. 
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Metals - EPA Proposed 

• Sampling frequency is now semi-annual. 
The data for these metals is sufficient to 
establish the expected range of 
concentrations. EPA has re-established 
monthly monitoring. 

• EPA has added monthly average 
limitations 

• EPA has added mass loading limitations 
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Metals - Cannery Proposal 

• Daily maximum limitations only (as is 
currently in place), and sufficient to avoid 
potential violations. 
- If monthly average limitations are included 

they should be sufficient to avoid violations 
based on infrequent monitoring 

- There is more than sufficient assimilative 
capacity within the ZID 
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Metals - Cannery Proposal 

• Concentration limitations only (as is 
currently the case) 
- If mass loading limitations are included then 

they should be based on the currently 
permitted flow limitations 

• Semi-annual monitoring done concurrently 
with the receiving water monitoring 
- There is a sufficient data base for both 

effluent and RW to justify this frequency 
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Acute Bioassay - History 

• Has been performed semi-annually since 
1993 under a "monitor only" limitation (28 
tests) 

• Results are consistent 

• Canneries did not request a mixing zone 
since it was expected that the current 
limitation would be maintained or the 
requirement would be removed 
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Acute Bioassay - History 
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Date of Test 

Figure 1. LC50 for Mysid and Penaeid Tests 
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Acute Bioassay- EPA Proposal 

• Impose a "Pass" limitation that the 
canneries will immediately fail 

• Result in TIEffRE (schedule proposed is 
not realistic based on known issues with 
logistics) 

• PPAs were conducted semi-annually for 
five years under the original permit. 
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Acute Bioassay - JCO Review 

• A TIE/TRE will not result in any new information 
(ammonia is the recognized most likely source of 
toxicity, once DO effects are removed) 

• Other potential toxic components (Cu, Zn, Hg) 
are already identified by PPA's 

• The canneries do not perform industrial 
processes that add toxic substances 

• There is no practical way to reduce any of the 
above 
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Acute Toxicity - Proposal 

• The canneries believe the toxicity testing should 
be significantly reduced based on previous 
results 

• If EPA keeps toxicty testing in the permit, the 
canneries believe "monitoring only" is 
appropriate 

• Alternatively, a mixing zone well within the ZID 
can be defined 

• The fact sheet indicates the toxicity testing 
should be done on the combined effluent - the 
canneries agree. The permit does not appear to 
reflect this. 
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Acute Toxicity- ZOM 
AtTUa =0.3 

Date of Test LC50 TUa Dilution Distance Time Above Below 

Required (m) (sec) Seabed Surface 
(m) (m) 

March 2001 13.8% 7.25 24.2 5.46 6.39 306 50.58 

October 2001 37.5% 2.67 8.9 2.41 222 0.64 53.00 

March 2002 16.1% 6.21 20.7 4.77 5.45 2.53 51.11 

August2002 10.2% 9.78 32.6 7.13 8.69 4.33 49.32 

March 2003 28.4% 3.52 11.7 2.913 3.00 1.11 52.54 

August 2003 43.2% 231 77 2.18 1.90 045 53.20 

February 2004 50.0% 2.00 6.7 1.97 1.61 0.28 53.37 

September 2004 50.0% 200 6.7 197 161 0.28 53.37 

March 2005 48.5% 2.06 6.9 2.01 1.67 031 5334 

August 2005 50.0% 2.00 6.7 1.97 1.61 0 28 5337 

March 2006 36.6% 2.73 9.1 2.46 2.28 0.68 52.97 

May2006 32.7% 306 102 2.67 2.58 0.86 52.79 

November 2006 43.1% 2.32 7.7 2.18 1 90 0.45 53.19 

March 2007 44.1% 2.27 7.6 2.15 1.86 0.42 53.22 

flt.;t·,}- ~7,, ~!\;'\. r JI', :. ·t rf \,' Tlb' 
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Acute Toxicity - ZOM 

Date of Test LC50 TUa TUa atZID TUa at EID 

March 2001 13.8% 7.25 0.023 O.Q18 

October 2001 37.5% 2.67 0.008 0.007 

March 2002 161% 6.21 0.020 0.016 

August 2002 10.2% 9.78 0 031 0.024 

March 2003 28.4% 3.52 0.011 0.009 

AugL>St 2003 43.2% 2.31 0.007 0.006 

February 2004 50.0% 2.00 0.006 0.005 

September 2004 500% 2.00 0.006 0.005 

March 2005 48.5% 2.06 0.007 0.005 

August 2005 500% 2.00 0.006 0 005 

March 2006 36.6% 2.73 0.009 0.007 

May 2006 32.7% 3.06 0.010 0.008 

November 2006 43.1% 2.32 0.007 0 006 

March 2007 441% 2 27 0.007 0.006 
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Chronic Bioassay 

• EPA proposes adding a chronic bioassay 
test 

• Based on experience it will immediately 
fail and trigger a TIE/TRE 

• Same situation as for the acute test 
- known toxicity 
- no practical way to reduce toxicity 
-with a CID of 300:1, a ZOM similar to that 

proposed for acute toxicity could be defined 
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Problems with Bioassay Testing 

• Generally impossible to meet holding times: 
- Representative sample can be collected between 

Monday noon and Friday noon 

- Available flights on Sunday and Thursday 

- Thursday flight is the only practical alternative 

- OHL does not deliver or forward on weekend 

• DO protocol is a problem because of 
documented IDOD and DDOD 

• Both of these issues need to be addressed in 
the permit 
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Chronic Bioassay - Proposal 

• The canneries do not believe adding 
chronic bioassay tests will provide 
meaningful additional results 

• If chronic bioassays were to be required, 
the test should be: 
- limited and infrequent, 

- "monitor only" as a limitation 

- done to develop a chronic toxicity mixing zone 
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REPORTING AND 
MONITORING REQUIREMENTS 

30 



Effluent Reporting 

• Note that metals and bioassay results may 
not be returned from the laboratory in time 
to meet the 15 day reporting window 
described in the proposed permit. 

• What procedure should be followed in this 
case. 
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Quality Assurance 

• Section 11.A.4 refers to effluent sampling 
and analysis. 

• Staff availability at the canneries 
laboratory may require more than 90 days 
to prepare the QA manual. 

• Requirement of such a manual for the 
conventional analysis done by the 
canneries seems excessive and onerous. 
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POLLUTION PREVENTION 
PROGRAM 

33 



Pollution Prevention Program 

• This should be an update of the previous 
plan. No substantial changes are 
anticipated. 

• The canneries request that the 
requirement to have this done in 90 days 
be relaxed to at least 180 days. 
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Toxic Pollutant Minimization 
Program 

• Copper and zinc were previously investigated. 
- No practicable means of minimization was identified. 

- The source is leaching from piping and galvanized 
fish handling equipment 

- Concentrations of copper and zinc have not 
significantly changed 

- Therefore there is no need to repeat this study 

• ASEPA has granted mixing zones. This 
recognizes that "no other practicable means of 
waste treatment and disposal are available." 
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Toxic Pollutant Minimization 
Program 

• A similar study can be done for mercury 
- It is anticipated that the source will be related 

to the raw product being processed and no 
means can be identified to reduce the 
discharge concentrations 

• The canneries request that the time period 
to do the study targeted at source 
identification of mercury be 1 year rather 
than six months 
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RECEIVING WATER 
MONITORING 
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Receiving Water Monitoring 
Clarifications Requested 

• Define surface and bottom depths (currently 
monitoring is done at surface (3 feet), mid-depth 
(60 feet), and deep (120 feet) unless the depth 
is less than 120 feet. 

• Why vertical profiles of chlorophyll-a? These 
measurements (using a sensor) are essentially 
meaningless. NOTE: not included in fact sheet? 

• Why measure pH? Not currently done. 
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Receiving Water Monitoring 
Light Intensity 

• The canneries recently, with EPA 
approval, began monitoring light 
penetration in place of turbidity, TSS, 
Secchi depth, and chlorophyll-a. 

• Recent advances in instrumentation have 
made this a viable means of assessing 
water clarity. 

• The canneries propose that this approach 
be continued. 
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Receiving Water Monitoring 
5 14 8 SA 16 

Station 
Reference EOP ZID ZID ZOM 

TP X X 

TN X X 

Zn X X X X 

Cu X X X X 

Hg X X X X 

NH4 X X X X 

Turbidity ~ ~ 
Secchi ~ ~ 

Chlorophyll-a ~ 
Light Penetration Add to all stations 

Floating Material X X X X 

Profiles* X X X X X 

Profiles: I temperature, salinity, DO I pH, turb101ty, vi.. 
.. 
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StarKist Samoa Pre-draft Permit Effluent Limitations 
EPA Proposed WQC Proposed Monitoring Frequency 2001 Permit 1992 Permit 

Parameter Units Average Maximum Average Maximum Average Maximum Average Maximum 
Monthly Daily Monthly Daily 

Proposed Existing 
Monthly Daily Monthly Daily 

Flow mgd MO MO -- 2.9 Continuous Continuous -- 2.9 -- 2.9 
pH-maximum SU -- 8.6 1 -- 8.6 2 

1/month Continuous -- 8.6 2 -- 8.6 2 

pH-minimum SU -· 6.5 1 -- 6.5 2 Continuous -- 6.5 2 -- 6.5 2 

Temperature OF -· -- 90 95 -- Continuous 90 95 90 95 
BOD mg/I MO MO MO MO 1/month 1/month MO MO MO MO 
TSS lbs/day 3722 9362 2996 7536 1/month 1/week 2996 7536 2563 6673 
O&G lbs/day 948 2369 763 1907 1/month 1/week 763 1907 675 1688 

TN mg/I 99 198 -- -- 1/month -- -- -- -- --
lbs/day 1283 4248 1200. 2100 1 set/month* 1200 2100 1200 2100 

TP mg/I 12 24 -- -- 1/month -- -- -- -- --
lbs/day 157 518 192 309 1 set/month* 192 309 192 309 

Ammonia mg/I 21.5 43.2 -- 133 
1/month 

1/week -- 133 -- 133 
(Total) lbs/day 282 926 -- -- -- -- -- -- --

Mercury mg/I 1.8 4.72 -- 1.1 ** -- -- -- --1/month (Total) lbs/day 0.02 0.1 -- -- -- -- -- -- --
Copper mg/I 58.4 117.2 -- 108 

1/month 
1/month- 66 108 -- --

(Total) lbs/day 0.76 2.51 -- -- -- -- -- -- --
Zinc mg/I 1138 2284 -- 1770 

1/month 
1/month** 1545 1779 MO MO 

(Total) lbs/day 15 49 -- -- -- -- -- -- --
1/six 

WET- acute -- Pass -- months 1 /six months MO MO 
1/six 

WET - Chronic TUc MO -- months -- -- --
1 Instantaneous value, grab sample 
2 Not be outside the range more than 7 hours and 26 minutes per month and for no more than 60 minutes for a single excursion. 
* Sample twice during a single week on production days. 
** Currently every six months - 8 samples at three hour intervals 



COS Samoa Packing Pre-draft Permit Effluent Limitations 
EPA Proposed WQC Proposed Monitoring Frequency 2001 Permit 1992 Permit 

Parameter Units Average Maximum Average Maximum Average Maximum Average Maximum 
Monthly Daily Monthly Daily 

Proposed Existing 
Monthly Daily Monthly Daily 

Flow mgd MO MO -- 1.4 Continuous Continuous -- 1.4 -- 0.72 

pH-maxmum 1 
SU -- 8.6 -- 8.6 

1/month 
Continuous -- 8.6 -- 8.6 

pH-minimum 1 
SU -- 6.5 -- 6.5 Continuous -- 6.5 -- 6.5 

Temperature OF -- -- 90 95 -- Continuous 90 95 90 95 
BOD mg/I MO MO MO MO 1/month 1/month MO MO MO MO 
TSS lbs/day 2369 5959 2376 5976 1/month 1/week 2376 5976 2304 5312 
O&G lbs/day 603 1508 605 1512 1/month 1/week 605 1512 538 1344 

TN 
mg/I 99 198 -- -- 1/month -- -- -- -- --

lbs/day 728 2082 800 1935 1 seUmonth* 800 1935 800 1935 

TP mg/I 12 24 -- -- 1/month -- -- -- -- --
lbs/dav 88 252 208 271 1 seUmonth* 208 271 208 271 

Ammonia mg/I 21.5 43.2 -- 133 
1/month 

1/week -- 133 -- 133 
(Total) lbs/day 158.2 454.3 -- -- -- -- -- -- --

Mercury mg/I 1.8 4.72 -- 1.1 ** -- -- -- --1/month 
(Total) lbs/day 0.01 0.05 -- -- -- -- -- -- --
Copper mg/I 58.4 117.2 -- 108 

1/month 
1/month** 66 108 -- --

(Total) lbs/day 0.43 1.23 -- -- -- -- -- -- --
Zinc mg/I 1138 2284 -- 1770 

1/month 
1/month** 1545 1779 MO MO 

(Total) lbs/day 8.37 26.02 -- -- -- -- -- -- --
1/six 

WET- acute -- Pass -- months 1 /six months MO MO 
1/six 

WET - Chronic TUc MO -- months -- -- --

1 Instantaneous value, grab sample 
2 Not be outside the range more than 7 hours and 26 minutes per month and for no more than 60 minutes for a single excursion. 
* Sample twice during a single week on production days. 
** Currently everv six months - 8 samples at three hour intervals 



Attachment B 



-------------------
Pre-draft Permit Effluent Limitations 

StarKist Samoa Samoa Packing 
Parameter 

Flow 

pH-maximum 

pH-minimum 
Temperature 
BOD 
TSS 
O&G 

TN 

TP 

Ammonia 
(Total} 

Mercury 
(Total) 

Copper 
(Total) 

Zinc 
(Total) 

Units 

mgd 

SU 

SU 

OF 

EPA Proposed 

Average 
Monthly 

MO 

Maximum 
Dally 
MO 

8.6 1 

6.5 1 

m_g/1 I MO I MO 
lbs/day I 3722 I 9362 
lbs/day I 948 I 2369 

m /I 1"''~_009-:il•~ " -'~?: g , ·~~ ~2," ~•.s~ 1:18, 'fl ,j 

lbs/day I 1283 I 4248 

I~- &,~ " ,,._t:il!/ 1~'13.'' 'll » "f' mg/I ~~~~:~..J.b~~~- '. 
lbs/day I 157 I 518 

mg/I_ I i,~ rf $,~ :4J~J~f 
- · · · ···· · ··· · · ' ~ 

lbs/day I 282 I 926 
mg/I I 1.8 I 4.72 

lbs/day I 0.02 I 0.1 
~ <f' ,,.,, -~ •~ -~ ~ - - ,,,,,,,. n,, 

mg/I 1~ 5~'r4f!~: ~:. : t.1i7J2~:~ 
lbs/day I 0.76 I 2.51 

mg/I 1~~1)j;~8~ 2~'a-irLII> 
lbs/day I 15 I 49 

EPA 
RPA 

440 

46.3 

167.3 

1.13 

346 

4740 

gdc 
RPA 

EPA Proposed 

Average 
Monthly 

MO 

MO 
2369 
603 

Maximum 
Dailv 
MO 

8.6 
6.5 

MO 
5959 
1508 

I~ ~g~ ·\I 198 
728 I 2082 

I"' -- 2-~,~ ~ 2.Jf&'"' 
d, ~t , -~ -11!" ~ ,,;,~ 

88 I 252 
fsf- -21 --5:-~-·1•,("'J}~'~·!:\~! - • _ ,_ .11":' ¥,,ri11i-tt,-1J, ~:~1, 

158.2 I 454.3 
1.8 I 4.72 

0.01 I 0.05 
5'8J4~;it, MJ~f17;:;;a:ji 
0.43 I 1.23 

It- ·11:3,8'~1 2284 
8.37 I 26.02 

WET - acute I -- I Pass I I I Pass 
WET - Chronic I TUc I MO I I I MO 

-- ;il.~slia~Hi:}~~C,e1J~z1,I EPA calculated MEC can not meet EPA proposed permit limits 

EPA 
RPA 

168.11 

29.77 

107 

1.15 

468 

1200 

gdc 
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SUMMARY 
The required semi-annual receiving water monitoring for the Joint Cannery Outfall 
GCO) was conducted in August/September 2008. Sampling included direct meas
urement of light penetration, hydrographic parameters (vertical profiles of tempera
ture, salinity, and dissolved oxygen), nutrients (total nitrogen and total phosphorus), 
and mixing zone parameters (ammonia, copper, zinc, and mercury). Exceedances of 
American Samoa Water Quality Standards criteria for light penetration throughout 
the Harbor and for DO in isolated segments of the water column at a single station 
were noted. However, these exceedances are not associated with the JCO discharge. 
The results of the sampling and analyses clearly indicate compliance with the 
NPDES permit required conditions for all parameters. 



PURPOSE 

JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

This Technical Memorandum presents the results of the August/September 2008 Pago Pago 
Harbor receiving water quality monitoring conducted for the Star Kist Samoa (SKS) and COS 

Samoa Packing (COS) Joint Cannery Outfall (JCO). The sampling and analysis is required 

semi-annually under the existing national pollution discharge elimination system (NPDES) 

permits for each cannery. This report documents the second of the two sampling events for 

2008. The sampling and analysis conducted included all required stations and parameters. 

STATION LOCATIONS 
Both tuna canneries discharge through the JCO, which terminates in a multi-port diffuser at 

a depth of approximately 176 feet in the Outer Harbor (Station 14 in Figure 1 marks the dif

fuser location). Typical flows through the outfall are approximately 2 to 4 mgd. Approved 

zones of mixing (ZOMs) for specific parameters are centered on the diffuser. A ZOM for 

total nitrogen (TN) and total phosphorous (TP) has a circular boundary marked by Stations 

15, 16, and 18 and the edge of the coral reef as shown in Figure 1. Smaller ZOMs for ammo

nia, mercury, copper, and zinc have also been established well within the zone of initial di

lution (ZID) of the discharge and extend only a few meters from the discharge point. 

Special Condition B of the NPDES permit specifies the sampling locations, depths, and pa

rameters for analysis for the receiving water quality monitoring stations as shown in Table 

1. Table 1 also indicates a summary of the stations that were occupied during Au

gust/September 2008 monitoring event. The stations occupied, sampled, and reported in 

this Technical Memorandum are shown in Figure 1. 

Station locations are specified in the NPDES permits and are associated with historical sta

tions monitored since the construction of the JCO. Problems with station specification asso

ciated with the differences between various map datums, previous station finding tech

niques, and the current use of CPS, resulted in past uncertainty about actual station loca

tions. In March 2001, the WGS 1984 coordinates of the stations actually occupied for the 

JCO sampling were recorded. Station locations for Stations 14, 8, and 8A were verified and 

adjusted during the May 2008 sampling based on information from diver inspection of the 

outfall. These coordinates were used for the August/September 2008 sampling episode. 

SAMPLING CONDITIONS AND METHODS 

Table 2 provides a summary of weather conditions during the times of receiving water qual

ity sampling. Light penetration measurements were made mid-day on September 2nd, 2008. 

Receiving water quality sampling and measurements, including CTD casts, were conducted 
on August 31st, 2008. 
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JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 
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Figure 1 

Station Locations (dashed circles indicate stations sampled in August/September 2008) 

Table 1 
JCO Sampling Stations 

Pago Pago Harbor Water Quality Monitoring 
NPDES Pennits Effective 1 April 2008 

Monitoring Vicinity1 Latitude Longitude Parameters 
Stations TN TP NH3 Hg Cu Zn LP VP Narr 

5 Reference Site s14°17.674' w170°39_749• X X X X X X X X X 
14 End of Pipe s14°16.824' W170°40.133' X X X X X X X 
8 Zone of Initial s14°16.957' w170°40_ 1os· X X X X X X X 

8A Dilution s14°16.708' w170°40_212· X X X X X X X 
16 Zone of Mixing s14°16.881' w170°40_347' X X X X X 
13L Inner Harbor s14°16.347' W170°41.901' X X 

' Listed as described in the NPDES permits 
2 Station 13 is not a permit required sampling station, but was occupied for selected parameters for informational 
purposes. 
LP = light penetration at 65 feet 
VP = vertical profiles of temperature, salinity, and dissolved oxygen 
Narr= (narrative parameters) visible floating materials, grease, oil, scum or foam 

During the time of the sampling visible floating materials, grease, oil, scum or foam, were 

not observed at any station. However, a persistent Harbor wide plankton bloom was ob

served. Discussion with ASEPA staff indicated this had been persistent since the later part 

of 2007 (as reported in the September 2007 monitoring report). In the Outer Harbor the wa

ter color was noticeably less transparent than typically observed. In the Inner Harbor the 
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JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

water color was noticeably green to red-brown. Water transparency in the Inner Harbor 

was very low. The observations are similar to, but (subjectively) not as intense as, those re

coded in the May 2008 and September 2007 monitoring. 

Table 2 
Weath d T" of Water Quality Station Occupation 

-
Weather Conditions 

Time Station Depth* 
Wind Wind Swell (feet) Sky Rain (knots) Waves (feet) (feet) 

Water Quality Sampling - 31 August 2008 
12:27 -12:29 13 20 Overcast -- S 5 < 0.5 --
12:49-- 13:04 8 187 Overcast light SE < 5 <1 SSE 2 to 3 
13:25 -13:29 14 176 Overcast heavy ESE 3 -- 2 to 3 
13:55 -14:00 BA 173 Overcast - ESE 3 s < 0.5 S 2 to 4 
14:21 -14:25 16 195 Overcast light ESE 3 to 5 < 0.5 SE 2to 4 
15:15-15:34 5 138 Mostly Cloudy - E 15 -- SE 4 to 8 

CDT Casts - 31 August 2008 
12:26 13 15 
13:08 8 180 
13:41 14 170 Same as Water Quality Sampling 
14:17 BA 160 
14:50 16 180 
15:40 5 130 

Light Penetration Measurements - 2 September 2008 
11 :45 - 11: 52 8 Partly Sunny - calm SE 1 SE 2 to 5 
11:57-12:02 14 ' - Partly Sunny W 6to 10 SE < 1 NR Q) (U --c.o-
12:07 -12:14 BA 0 - C. Partly Sunny -- NW 10-16 E < 1 S 2-5 =;~~C') ._.._ x'II"'"" NE 5 to 25 
12:18-12:25 16 GiLOa>c Mostly Cloudy - Gusts to 30 NR SE 4 to 6 c«>a>o 

a>-oo:.:: 

12:32 - 12:39 181 
c.~~1!! 

Partly Sunny Variable: SE <1 SE 2-4 :E::,::,(/) -- N Oto 25 Ol 1/1 1/1 
-- (U 

13:01 -
,.,. 

13" ...J Q) 3: Partly Cloudy -- NW 25 < 0.5 --E .Q 
13:13-13:21 12"" Partly Cloudy - ENE 27 < 0.5 --

*Depth listed under water quality sampling is the total water depth at the time of sampling. Water samples were 
collected at 3, 60, and 120 feet below the surface when depth is greater than 120 feet. Samples are collected 3 
feet below the surface, 3 feet above the bottom (as conditions allow), and at mid depth when total water depth is 
less than 120 feet. Depth listed under CDT casts is the depth to which the instrument was lowered. 

**Instrument was hung-up on bottom (likely a sunken vessel) and was successfully retrieved about 15 minutes 
later. Light penetration measurements were successfully conducted prior to problems. 

NR = data were not recorded for this condition at this station. See adjacent stations and times for approximate 
conditions. 
1 Station 5 could not be occupied because of high wind and waves offshore of Pago Pago Harbor. Station 18, 
near the harbor mouth was used in place of Station 5. See Figure 1 for station locations. 
2 Stations 12 and 13 are not required by the permits, light penetration was measured at these stations for infor-
mational purposes 

Table 3 presents the sample analysis and handling procedures used for the collection of wa

ter quality samples and measurements. Water quality samples were collected at three 

depths at each station: near-surface (3 feet), mid-depth (60 feet), and deep-water/near-
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JCO Receiving Water Quality Monitoring 
August/September 2008 SampHng 

bottom (120 feet)l. Samples were collected using a standard oceanographic sample

collecting bottle for low metals concentrations (WildCo Beta bottle). Water samples were 

placed in laboratory supplied bottles, preserved as required, stored on ice, and shipped to 

the laboratory by express shipment (DHL) in ice chests with double zip-lock bags of ice. 

The Chain-of-Custody forms for the sample shipping and delivery to the laboratory are in

cluded in the laboratory reports discussed below. 

Table 3 
Sample Analysis and Handling Procedures 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Parameter Method Detection limit Holding time Container Preservation 
Temperature In Field/Sonde 0.1°C 

Salinity In Field/Sonde 0.1 PSU N/A N/A none 
Dissolved 02 In Field/Sonde 0.1 mg/I 

Nitrate +Nitrite EPA 353.2 0.005 mg/I 
H2 $04 added to 

Ammonia (N} EPA 350.1 0.005 mg/I 500 ml 
TKN EPA 351.3 0.1 mQ/I 

28 days 
plastic 

pH <2, 
stored 4°C 

Total Phosphorus EPA 365.2 0.004 mg/I 

Copper 
EPA 200.8 

0.06 to 0.07 µg/I 
500 ml plastic 4°c 

Zinc 0.08 to 0.09 µg/1 7 days 

Mercury EPA1631 0.00008 µg/1 500 ml plastic 4°c 

WATER QUALITY SAMPLING AND ANALYSIS RESULTS 

Results of the water quality sampling and measurements are provided in Tables 4, 5, 6, and 

7. These samples and measurements were collected and analyzed for light penetration, hy

drographic parameters (temperature, salinity, dissolved oxygen), nutrients (TN and TP), 

and mixing zone parameters with approved mixing zones (ammonia, Cu, Zn, and Hg). 

Light Penetration 
The American Samoa Water Quality Standard2 (ASWQS) criterion for water clarity is in 

terms of light penetration, which requires that extinction of light intensity be no more than 

99% at a depth of 65 feet at least 50% of the time3. Light penetration was measured using 

HOBO Pendant data loggers. Four loggers were suspended on a float just below the water 

surface and four were attached to a Secchi disk fixed to a YSI sonde. The sonde provides 

accurate measurements of the depth of the light measurement sensors. The sensors are left 

1 When water depth is less than 120 feet samples are taken at mid-depth (between surface and bot
tom) and approximately 3 feet from the bottom. 
2 The ASWQS, 2005 revision, criteria for Pago Pago Harbor are referenced in this Technical Memo
randum. 
3 The ASWQS for light extinction in Pago Pago Harbor is that light penetration depth will exceed 65 

feet SO percent of the time. Light penetration depth is defined as "the depth reached by 1 percent of 

the sunlight incident on the surface of a body of water". 
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JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

at depth for three minutes and the average values of light intensity of the surface and deep 

sensors are calculated over the three minute period. The results are summarized in Table 4, 

which includes Secchi depth recorded at the time of the light measurements. 

Table 4 
Light Intensity Measurements 

JCO Receiving Water Quality Monitoring 
September 2, 2008 

Secchi Light Intensity at the 
Light Intensity 65 Percent ambient 

Station Time at 65 feet Depth Water Surface 
feet below the light remaining 65 

(feet) (lum/ft2)1 water surface feet below the 
(lum/ft2)1 surface 

Transition Zone (Reference Station) 
182 12:35 - 12:38 15.1 7288 35 0.48 

Farfield (Outer Harbor) 

16 12:20 -12:23 15.5 5546 26 0.47 

Diffuser and Nearfield 

8 11:47-11:50 15.9 6136 29 0.47 

14 11:58-12:01 14.6 7024 31 0.44 

BA 12:09 -12:12 13.7 4081 18 0.44 

Inner Harbor 

12 13:16-13:19 10.3 4152 1 0.02 

133 13:02-13:03 6.0 6192 603 0.973 

Average of data from 4 light meters for at least 3 minutes (180 readings/light meter). 
2 Station 18 substituted for Station 5 as described in text. 
3 Measurements at Station 13 were done at a depth of 19 feet (limited by water depth). 

The ASWQS numerical criterion for light penetration was not met at any of the stations at 

the time of measurement. This is inconsistent with the previous data collected in the Har

bor, which indicates consistent compliance with the criterion. Based on the Au

gust/ September compliance (or noncompliance) with the criterion 50% of the time cannot 

be demonstrated. However, the data clearly shows that effects of the JCO discharge are not 

responsible for the reduced light intensity, and such effects cannot be observed in the light 

penetration data. It is likely that the reduced light penetration is caused by a persistent 

large scale plankton bloom (described in previous monitoring reports), heavy rain and con

comitant stream flows into the Harbor during and just previous to the sampling, distur

bance of shallow sediments by large waves during the time of the sampling stream, or a 

combination of all of these factors. 

Hydrographic Parameters 
Table 5 provides a summary of temperature, salinity, and dissolved oxygen (DO) that were 

measured at the same depths at each station as the grab samples for the nutrient and metals 

analyses discussed below. These parameters were measured using a YSI 6600 sonde with 

depth, temperature, conductivity, and dissolved oxygen (DO) sensors. Sensor calibration 

records for this data collection event are provided in Attachment I. The parameters listed in 

6 



JCO Receiving Water Quality Monitoring 
AugusUSeptember 2008 Sampling 

Table 5 were recorded from the deck readout of the sonde during the vertical profile casts 
(recorded in the sonde memory). Table 6 summarizes the results of the vertical profiles over 

the water column depths noted in Table 2 for temperature, salinity and DO. Vertical profile 

data are provided in Attachment II. 

Table 5 
Hydrographic Parameters Recorded from Sonde Readout 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Depth Temp Salinity DO 
(feet) (°C) (PSU) (mg/I) 

Reference Station 
3 27.13 36.15 6.27 

5 60 27.16 36.24 6.19 
120 27.19 36.27 6.08 

Averaoe 27.16 36.22 6.18 
ZOM Station 

3 27.06 35.82 6.61 

16 
59 27.12 36.19 6.17 
121 27.11 36.23 6.16 

Averaoe 27.10 36.08 6.31 
ZID Stations 

3 27.10 36.06 6.05 

8 61 27.14 36.19 6.01 
120 27.12 36.22 5.88 

Average 27.12 36.16 5.98 
3 27.14 36.00 6.70 

8A 
60 27.11 36.12 6.34 
120 27.15 36.32 6.18 

Averaoe 27.13 36.15 6.41 
End of Pioe Station 

3 27.11 36.00 5.32 

14 
60 27.12 36.20 5.05 
120 27.13 36.24 4.90 

Average 27.12 36.15 5.09 
Summary of All Stations 

Minimum 27.06 35.82 4.90 
Maximum 27.19 36.32 6.70 

All Stations Median 27.12 36.19 6.16 
Average 27.13 36.15 5.99 
Std. Dev. 0.03 0.13 0.52 

The results of the measurements of the hydrographic parameters are summarized as fol
lows: 

• Water temperatures at the monitoring stations were below the ASWQS numerical 
criteria of 85°F (29.44°C) throughout the water column at all stations as shown in Ta

bles 5 and 6 and in Attachment II. The maximum temperature recorded was 27.19 
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JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

~C and the average was 27.13 °C for the vertical profiles (Table 6). Compliance with 

the ASWQS is demonstrated, no effect of the discharge was observed. 

Table 6 
Summary of Vertical Profile Data 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Temperature (°C) Salinity (PSU) Dissolved Oxygen (mg/I) 
Reference Station 

Maximum 27.19 36.30 6.25 

5 Minimum 27.13 36.13 6.04 
Average 27.17 36.24 6.13 
Std. Dev. 0.02 0.05 0.06 

ZOM Station 
Maximum 27.15 36.25 6.61 

16 
Minimum 27.10 36.00 6.03 
Average 27.12 36.21 6.19 
Std. Dev. 0.01 0.04 0.14 

ZID Stations 
Maximum 27.15 36.25 6.11 

8 
Minimum 27.08 34.13 5.86 
Average 27.13 35.98 5.93 
Std. Dev. 0.02 0.59 0.05 
Maximum 27.16 36.24 6.69 

8A Minimum 27.08 35.98 6.08 
Average 27.13 36.18 6.26 
Std. Dev. 0.02 0.05 0.15 

End of Pipe station 
Maximum 27.14 36.27 5.38 

14 
Minimum 27.08 34.89 4.80 
Average 27.12 36.08 4.97 
Std. Dev. 0.01 0.34 0.14 

Summary of All Stations 

All 
Maximum 27.19 36.30 6.69 

Station:: Minimum 27.08 34.13 4.80 
Average' 27.13 36.14 5.90 

1 Average is the average of station averages, not individual readings. 

• Salinity ranged from 36.30 ppt to 34.13 ppt with an average of approximately 36.14 

ppt Slightly lower values and a small salinity gradient were recorded in the near 

surface water throughout the Harbor (Attachment II). The minimum value was a 
singular data point, does not reflect an appreciable fraction of the water column, and 

may not be accurate. These values are typical of Pago Pago Harbor water and are 

consistent with previous salinity measurements. There is no ASWQS for salinity, but 

there was no indication of reduced salinity caused by the discharge plume. 

• The DO minimum value was 4.80 mg/1 and the average was 5.90 mg/1. The lowest 

value was at Stations 14 well below the surface (Attachment II) and may be a re

sponse to the algal bloom mentioned above. Excluding Station 14, the minimum 
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JCO Receiving Water Quality Monitoring 
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value was 5.86 mg/1. At Station 14, the average DO was 4.97 mg/1. Overall, the DO 

concentrations meet the ASWQS minimum criterion of not less than 5.0 mg/I and 

not less than 70% saturation4 with the exceptions noted. 

Nutrients and Biological Parameters 
Table 7 presents the results for the nutrients5 measured in the grab samples from the desig

nated stations (see Table 1). Samples were also collected and analyzed at Station 13 in the 

far Inner Harbor as a secondary reference, although not required by the permits. These pa
rameters included total Kjeldahl nitrogen (TKN), nitrate+nitrite, and total phosphorus (TP). 

The ASWQS regulates total nitrogen (TN), which is calculated by adding the concentration 

values of TKN and nitrate+nitrite. Laboratory data are provided in Attachment III. 

Table 7. 
Nutrient Parameters 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Depth TKN Nitrate+ Nitrite Total Nitrogen 1 Total 
Phosphorous 

Method 351.3 353.2 calculated 365.3 
Units mg/I mg/I mg/I mg/I 

Detection Limit (values noted 
0.1 0.005 -- 0.004 in bold in Table) 

WQ Standard - -- 0.200 0.030 

3 0.1 0.013 (J) 0.113 0.02 

5 60 0.1 0.017 (J) 0.117 0.02 
120 0.1 0.06 0.16 0.01 

Averaoe 0.1 0.030 0.130 0.017 
3 0.10 0.008 (J) 0.108 0.02 

16 
60 0.1 0.013(J) 0.113 0.01 
120 0.1 0.010 (J) 0.110 0.01 

Average 0.10 0.010 0.110 0.013 

13 3 0.1 0.042 0.142 0.07 
20 0.1 0.020 0.120 0.04 

~ Total Nitrogen = TKN + (nitrate+nitrite) 
'J) indicates that the result is an estimated concentration that is less than the MRL but greater than or equal to 
the MDL. 
Values in BOLD font indicate reported concentration was below the MDL 

The results of the sampling and analyses for the nutrient parameters are summarized as fol
lows: 

• Total nitrogen was measured below the ASWQS criterion in all samples. The 

ASWQS criterion is 200 µg/1 (0.200 mg/1). 

4 70% DO saturation is approximately 4.5 mg/L for the observed temperature and salinity. 
5 Total ammonia (as N) is also measured and is presented with the mixing zone parameters in the 
following section. 
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• Total phosphorus was reported below the ASWQS criterion (0.030 mg/1) for all of 

the samples from the permit required Stations (see Table 7). However, the TP values 

in the Station 13 samples are elevated. This gradient is not physically consistent 

with a source at the discharge point. 

Mixing Zone Parameters 
The NPDES permits for both canneries include effluent limitations for mixing zone parame

ters. The mixing zone is not the same as the nutrient mixing zone for TN and TP, and com

pliance with ASWQS criteria is required within the zone of initial dilution. These parame

ters include ammonia, copper, zinc, and mercury (Table 8). The results of the analyses for 

the mixing zone parameters show that all parameters are well below ASWQS criteria. 

Table 8. 
Mixing Zone Parameters 

JCO Receiving Water Quality Monitoring 
AugusUSeptember 2008 

Station Depth Ammonia (N) Copper Zinc Mercury 
Method 350.1 200.8 200.8 1631E 

Units mQ/I µg/I µg/I µg/I 
WQ Standard =0.401 3.1 81 0.050 

Reference station 
3 0.02 0.21 (J) 0.93 (J) 0.00233 

5 
60 0.005 0.16 (J) 0.44 (J) 0.00232 
120 0.005 0.42 0.87 (J) 0.00368 

Average 0.010 0.26 0.75 0.00278 
ZID stations 

3 0.01 0.31 3.30 0.00361 

8 
60 0.03 0.48 2.66 0.00551 
120 0.02 0.60 2.53 0.0101 

Average 0.02 0.46 2.83 0.00641 
3 0.08 0.27 0.98 (J) 0.00238 

8A 
60 0.01 0.21 (J) 1.25 0.00128 
120 0.01 0.56 1.13 0.00599 

Average 0.06 0.35 1.12 0.00322 
End of Pipe Station 

3 0.07 0.51 1.32 0.00252 

14 
60 0.05 0.84 6.46 0.00283 
120 0.05 0.66 1.05 (J) 0.00641 

Average 0.06 0.67 2.94 0.00392 
Summary of All Stations 

Minimum 0.01 0.16 0.44 0.00128 

All 
Maximum 0.08 0.84 6.46 0.01010 
Average 0.02 0.45 1.19 0.00322 Stations 
Median 0.03 0.40 1.76 0.00377 

Std. Dev 0.03 0.21 1.67 0.00250 
' Ammonia criterion is a function of pH, temperature, and salinity. This value is appropriate for the observed con-
ditions 
Bold font indicates that the parameter was not detected above the MDL 
J) indicates that the result is an estimated concentration that is less than the MRL but greater than or equal to 
he MDL 
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Table 9 

JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

Receiving Water Pennit Conditions and Compliance 
JCO Pago Pago Harbor Water Quality Monitoring 

August/September 2008 

Permit Discharge Specifications 
Applicable Stations Listed 

in NPDES Permits (X) Comments 
for Receiving Water 

14 8 SA 16 5 
Part I.B. Except as authorized by specific effluent limitations, the discharge shall be substantially free of 

or shall not cause the following in the receiving water: 
No objectionable color, odor, or taste X X X X X 
No visible floating material, grease, oil, X X X X X 
scum, foam Compliance with permit requirements 
No materials that will produce visible X X X X X 

observed during sampling of receiving 
turbidity or form objectionable deposits water 
Materials toxic to humans or aquatic life X X X X X 
or produce undesirable aquatic life 
Temperature of receiving water more 
than 1. 5 °F from natural conditions or X X X X X Compliance with permit requirements 
exceed 85 °F (other than from natural based on measured values 
causes) 
Toxic pollutants higher than the appli- X X X X X 
cable criteria Compliance with permit requirements 
Mixing zone parameters higher than the 

X X X X 
measured for NH3, Hg, Cu, and Zn 

aoolicable criteria outside the ZI D 
Turbidity to exceed 0.75 NTU at or out- X X X X Measurement of turbidity is not required. 
side the ZID Compliance with ASWQS for light pene-

tration measured at all stations could not 
Light penetration depth less than 65 feet X X X X 

be demonstrated. Noncompliance with 
at or outside the ZID ASWQS criterion are not attributable to 

the discharge (see text). 
Compliance for DO measured at all sta-
tions except 14, which is within the ZID. 
Approximately one-half of the water col-

DO less than 70% saturation of less 
umn was below 5.0 mg/I: however, the 

than 5.0 mg/I at or outside the ZID 
X X X X average was 5.0 mg/I and the minimum 

was recorded as 4.8 mg/I. The difference 
between the minimum and the ASWQS 
criterion is within the expected accuracy 
of the instrument used to measure DO. 

Part I.C. The discharge shall not cause the following at the boundary of the mixing zone for mercury 
Mercury to exceed 0.05 µg/I X X Compliance measured 
Part 1.0. The discharge shall not cause the following at the boundary of the mixing zone for nutrients 
Total phosphorus no higher than 30 ua/1 X Compliance measured 
Total nitrogen no higher than 200 µg/I X Compliance measured 

Measurement of Chlorophyll-a is not re-
quired. However, samples collected on 1 
September 2008 (the day after the JCO 
sampling) indicated high chlorophyll-a 

Chlorophyll-a no higher than 1.0 µg/1 X levels at Stations 16 and 18 (see Figure 
1 ). The observed levels are attributed to 
the persistent plankton bloom and heavy 
rains and stream flows - and are not 
attributed to the discharge. 
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SUMMARY 
The required semi-annual receiving water monitoring for the Joint Cannery Outfall 
CTCO) was conducted in August/September 2008. Sampling included direct meas
urement of light penetration, hydrographic parameters (vertical profiles of tempera
ture, salinity, and dissolved oxygen), nutrients (total nitrogen and total phosphorus), 
and mixing zone parameters (ammonia, copper, zinc, and mercury). Exceedances of 
American Samoa Water Quality Standards criteria for light penetration throughout 
the Harbor and for DO in isolated segments of the water column at a single station 
were noted. However, these exceedances are not associated with the JCO discharge. 
The results of the sampling and analyses clearly indicate compliance with the 
NPDES permit required conditions for all parameters. 



PURPOSE 

JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

This Technical Memorandum presents the results of the August/September 2008 Pago Pago 

Harbor receiving water quality monitoring conducted for the Star.Kist Samoa (SKS) and COS 

Samoa Packing (COS) Joint Cannery Outfall CTCO). The sampling and analysis is required 

semi-annually under the existing national pollution discharge elimination system (NPDES) 

permits for each cannery. This report documents the second of the two sampling events for 

2008. The sampling and analysis conducted included all required stations and parameters. 

STATION LOCATIONS 
Both tuna canneries discharge through the JCO, which terminates in a multi-port diffuser at 

a depth of approximately 176 feet in the Outer Harbor (Station 14 in Figure 1 marks the dif

fuser location). Typical flows through the outfall are approximately 2 to 4 mgd. Approved 

zones of mixing (ZOMs) for specific parameters are centered on the diffuser. A ZOM for 

total nitrogen (TN) and total phosphorous (TP) has a circular boundary marked by Stations 

15, 16, and 18 and the edge of the coral reef as shown in Figure 1. Smaller ZOMs for ammo

nia, mercury, copper, and zinc have also been established well within the zone of initial di

lution (ZID) of the discharge and extend only a few meters from the discharge point. 

Special Condition B of the NPDES permit specifies the sampling locations, depths, and pa

rameters for analysis for the receiving water quality monitoring stations as shown in Table 

1. Table 1 also indicates a summary of the stations that were occupied during Au

gust/September 2008 monitoring event. The stations occupied, sampled, and reported in 

this Technical Memorandum are shown in Figure 1. 

Station locations are specified in the NPDES permits and are associated with historical sta

tions monitored since the construction of the JCO. Problems with station specification asso

ciated with the differences between various map datums, previous station finding tech

niques, and the current use of CPS, resulted in past uncertainty about actual station loca

tions. In March 2001, the WGS 1984 coordinates of the stations actually occupied for the 

JCO sampling were recorded. Station locations for Stations 14, 8, and 8A were verified and 

adjusted during the May 2008 sampling based on information from diver inspection of the 

outfall. These coordinates were used for the August/September 2008 sampling episode. 

SAMPLING CONDITIONS AND METHODS 

Table 2 provides a summary of weather conditions during the times of receiving water qual

ity sampling. Light penetration measurements were made mid-day on September 2nd, 2008. 

Receiving water quality sampling and measurements, including CTD casts, were conducted 
on August 31st, 2008. 
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Figure 1 

Station Locations (dashed circles indicate stations sampled in August/September 2008) 

Table 1 
JCO Sampling Stations 

Pago Pago Harbor Water Quality Monitoring 
NPDES Permits Effective 1 April 2008 

Monitoring Vicinity1 Latitude Longitude Parameters 
Stations TN TP NH3 Hg Cu Zn LP VP Narr 

5 Reference Site s14°17.674' W170°39. 749' X X X X X X X X X 
14 End of Pipe s14°16.824' W170°40.133' X X X X X X X 
8 Zone of Initial s14°16.957' w17o040.1os· X X X X X X X 

BA Dilution s14°16.708' w170°40.212· X X X X X X X 
16 Zone of Mixing s14°16.881' W170°40.347' X X X X X 
13~ Inner Harbor s14°16.347' W170°41.901' X X 

' Listed as described in the NPDES permits 
2 Station 13 is not a permit required sampling station, but was occupied for selected parameters for informational 
purposes. 
LP = light penetration at 65 feet 
VP= vertical profiles of temperature, salinity, and dissolved oxygen 
Narr= (narrative parameters) visible floating materials, grease, oil, scum or foam 

During the time of the sampling visible floating materials, grease, oil, scum or foam, were 

not observed at any station. However, a persistent Harbor wide plankton bloom was ob

served. Discussion with ASEP A staff indicated this had been persistent since the later part 

of 2007 (as reported in the September 2007 monitoring report). In the Outer Harbor the wa

ter color was noticeably less transparent than typically observed. In the Inner Harbor the 
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water color was noticeably green to red-brown. Water transparency in the Inner Harbor 

was very low. The observations are similar to, but (subjectively) not as intense as, those re

coded in the May 2008 and September 2007 monitoring. 

Table 2 
Weather and Times of Water Quality Station Occupation 

JCO Pago Pago Harbor Receiving Water Quality Monitoring 
August/September 2008 

Weather Conditions 

Time Station Depth'" 
Wind Wind Swell (feet) Sky Rain (knots) Waves (feet) (feet) 

Water Quality Sampling - 31 August 2008 
12:27 -12:29 13 20 Overcast -- S 5 < 0.5 --
12:49- 13:04 8 187 Overcast liaht SE < 5 <1 SSE 2to 3 
13:25 -13:29 14 176 Overcast heavy ESE 3 -- 2 to 3 
13:55 - 14:00 BA 173 Overcast -- ESE 3 S < 0.5 S 2to 4 
14:21 - 14:25 16 195 Overcast light ESE 3 to 5 < 0.5 SE 2 to 4 
15:15 -15:34 5 138 Mostly Cloudy -- E 15 -- SE 4 to 8 

CDT Casts - 31 August 2008 
12:26 13 15 
13:08 8 180 
13:41 14 170 Same as Water Quality Sampling 
14:17 BA 160 
14:50 16 180 
15:40 5 130 

Light Penetration Measurements - 2 September 2008 
11 :45 - 11 : 52 8 Partly Sunny -- calm SE 1 SE 2 to 5 
11 :57- 12:02 14 ' - Partly Sunny W 6 to 10 SE < 1 NR Q) "' --c.o-
12:07 -12:14 BA 0 - a. Partly Sunny -- NW 10-16 E < 1 S 2-5 ~ ~ B (Y) 

L-~X._ NE 5 to 25 12:18-12:25 16 qjlOWc Mostly Cloudy -- Gusts to 30 
NR SE 4 to 6 cCDwo 

Q) "'O (.):;:::::; 

12:32 - 12:39 181 
a. Q) ~"' 

Partly Sunny Variable: SE <1 SE 2-4 :C:5:::,ci5 -- N Oto 25 Ol (I) (I) ·-"' 13:01 - .... 13"' _J Q) 3: Partly Cloudy -- NW 25 < 0.5 --E ..Q 

13:13-13:21 12' Partly Cloudy - ENE 27 < 0.5 --
*Depth listed under water quality sampling is the total water depth at the time of sampling. Water samples were 
collected at 3, 60, and 120 feet below the surface when depth is greater than 120 feet. Samples are collected 3 
feet below the surface, 3 feet above the bottom (as conditions allow), and at mid depth when total water depth is 
less than 120 feet. Depth listed under CDT casts is the depth to which the instrument was lowered. 

**Instrument was hung-up on bottom (likely a sunken vessel) and was successfully retrieved about 15 minutes 
later. Light penetration measurements were successfully conducted prior to problems. 

NR = data were not recorded for this condition at this station. See adjacent stations and times for approximate 
conditions. 
1 Station 5 could not be occupied because of high wind and waves offshore of Pago Pago Harbor. Station 18, 
near the harbor mouth was used in place of Station 5. See Figure 1 for station locations. 
2 Stations 12 and 13 are not required by the permits, light penetration was measured at these stations for infor-
mational purposes 

Table 3 presents the sample analysis and handling procedures used for the collection of wa

ter quality samples and measurements. Water quality samples were collected at three 

depths at each station: near-surface (3 feet), mid-depth (60 feet), and deep-water/near-
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bottom (120 feet)1. Samples were collected using a standard oceanographic sample
collecting bottle for low metals concentrations (WildCo Beta bottle). Water samples were 

placed in laboratory supplied bottles, preserved as required, stored on ice, and shipped to 

the laboratory by express shipment (DHL) in ice chests with double zip-lock bags of ice. 

The Chain-of-Custody forms for the sample shipping and delivery to the laboratory are in

cluded in the laboratory reports discussed below. 

Table 3 
Sample Analysis and Handling Procedures 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Parameter Method Detection limit Holding time Container Preservation 
Temperature In Field/Sonde 0.1°c 

Salinity In Field/Sonde 0.1 PSU N/A NIA none 

Dissolved 02 In Field/Sonde 0.1 mg/I 
Nitrate +Nitrite EPA 353.2 0.005 mg/I 

H2 SO4 added to 
Ammonia (N) EPA 350.1 0.005 mg/I 500 ml 

TKN EPA 351.3 0.1 mQ/1 
28 days 

plastic 
pH <2, 

stored 4°C 
Total Phosphorus EPA 365.2 0.004 mg/I 

Copper 
EPA 200.8 

0.06 to 0.07 µg/1 
500 ml plastic 4°c 

Zinc 0.08 to 0.09 µg/1 7 days 

Mercury EPA1631 0.00008 µg/1 500 ml plastic 4°c 

WATER QUALITY SAMPLING AND ANALYSIS RESULTS 
Results of the water quality sampling and measurements are provided in Tables 4, 5, 6, and 

7. These samples and measurements were collected and analyzed for light penetration, hy

drographic parameters (temperature, salinity, dissolved oxygen), nutrients (TN and TP), 

and mixing zone parameters with approved mixing zones (ammonia, Cu, Zn, and Hg). 

Light Penetration 
The American Samoa Water Quality Standard2 (ASWQS) criterion for water clarity is in 

terms of light penetration, which requires that extinction of light intensity be no more than 

99% at a depth of 65 feet at least 50% of the time3. Light penetration was measured using 

HOBO Pendant data loggers. Four loggers were suspended on a float just below the water 

surface and four were attached to a Secchi disk fixed to a YSI sonde. The sonde provides 
accurate measurements of the depth of the light measurement sensors. The sensors are left 

1 When water depth is less than 120 feet samples are taken at mid-depth (between surface and bot
tom) and approximately 3 feet from the bottom. 
2 The ASWQS, 2005 revision, criteria for Pago Pago Harbor are referenced in this Technical Memo
randum. 
3 The ASWQS for light extinction in Pago Pago Harbor is that light penetration depth will exceed 65 

feet SO percent of the time. Light penetration depth is defined as "the depth reached by 1 percent of 

the sunlight incident on the surface of a body of water''. 
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at depth for three minutes and the average values of light intensity of the surface and deep 

sensors are calculated over the three minute period. The results are summarized in Table 4, 

which includes Secchi depth recorded at the time of the light measurements. 

Table 4 
Light Intensity Measurements 

JCO Receiving Water Quality Monitoring 
September 2, 2008 

Secchi Light Intensity at the 
Light Intensity 65 Percent ambient 

Station Time at 65 feet Depth Water Surface feet below the light remaining 65 

(feet) (lum/ft2)
1 water surface feet below the 

(lum/ft2)1 surface 

Transition Zone (Reference Station) 
182 12:35 - 12:38 15.1 7288 35 0.48 

Farfield (Outer Harbor) 

16 12:20 -12:23 15.5 5546 26 0.47 

Diffuser and Nearfield 

8 11:47-11:50 15.9 6136 29 0.47 

14 11:58-12:01 14.6 7024 31 0.44 

BA 12:09- 12:12 13.7 4081 18 0.44 

Inner Harbor 

12 13:16 - 13:19 10.3 4152 1 0.02 

133 13:02-13:03 6.0 6192 603 0.973 

Average of data from 4 light meters for at least 3 minutes (180 readings/light meter). 
2 Station 18 substituted for Station 5 as described in text. 
3 Measurements at Station 13 were done at a depth of 19 feet (limited by water depth). 

The ASWQS numerical criterion for light penetration was not met at any of the stations at 

the time of measurement. This is inconsistent with the previous data collected in the Har

bor, which indicates consistent compliance with the criterion. Based on the Au

gust/September compliance (or noncompliance) with the criterion 50% of the time cannot 

be demonstrated. However, the data clearly shows that effects of the JCO discharge are not 

responsible for the reduced light intensity, and such effects cannot be observed in the light 

penetration data. It is likely that the reduced light penetration is caused by a persistent 

large scale plankton bloom (described in previous monitoring reports), heavy rain and con
comitant stream flows into the Harbor during and just previous to the sampling, distur

bance of shallow sediments by large waves during the time of the sampling stream, or a 

combination of all of these factors. 

Hydrographic Parameters 
Table 5 provides a summary of temperature, salinity, and dissolved oxygen (DO) that were 
measured at the same depths at each station as the grab samples for the nutrient and metals 

analyses discussed below. These parameters were measured using a YSI 6600 sonde with 

depth, temperature, conductivity, and dissolved oxygen (DO) sensors. Sensor calibration 

records for this data collection event are provided in Attachment I. The parameters listed in 
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Table 5 were recorded from the deck readout of the sonde during the vertical profile casts 

(recorded in the sonde memory). Table 6 summarizes the results of the vertical profiles over 

the water column depths noted in Table 2 for temperature, salinity and DO. Vertical profile 

data are provided in Attachment II. 

Table 5 
Hydrographic Parameters Recorded from Sonde Readout 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Depth Temp Salinity DO 
(feet) (OC) (PSU) (mg/I) 

Reference station 
3 27.13 36.15 6.27 

5 60 27.16 36.24 6.19 
120 27.19 36.27 6.08 

Averaqe 27.16 36.22 6.18 
ZOM station 

3 27.06 35.82 6.61 

16 
59 27.12 36.19 6.17 

121 27.11 36.23 6.16 
Averaqe 27.10 36.08 6.31 

ZID Stations 
3 27.10 36.06 6.05 

8 61 27.14 36.19 6.01 
120 27.12 36.22 5.88 

Average 27.12 36.16 5.98 
3 27.14 36.00 6.70 

8A 60 27.11 36.12 6.34 
120 27.15 36.32 6.18 

Averaqe 27.13 36.15 6.41 
End of Pipe Station 

3 27.11 36.00 5.32 

14 60 27.12 36.20 5.05 
120 27.13 36.24 4.90 

Averaqe 27.12 36.15 5.09 
Summary of All Stations 

Minimum 27.06 35.82 4.90 
Maximum 27.19 36.32 6.70 

All Stations Median 27.12 36.19 6.16 
Averaqe 27.13 36.15 5.99 
Std. Dev. 0.03 0.13 0.52 

The results of the measurements of the hydrographic parameters are summarized as fol

lows: 

• Water temperatures at the monitoring stations were below the ASWQS numerical 

criteria of 85°F (29.44°C) throughout the water column at all stations as shown in Ta

bles 5 and 6 and in Attachment II. The maximum temperature recorded was 27.19 

7 



JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

~C and the average was 27.13 °C for the vertical profiles (Table 6). Compliance with 

the ASWQS is demonstrated, no effect of the discharge was observed. 

Table 6 
Summary of Vertical Profile Data 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Temperature (°C) Salinity (PSU) Dissolved Oxygen (mg/I) 
Reference Station 

Maximum 27.19 36.30 6.25 

5 Minimum 27.13 36.13 6.04 
AveraQe 27.17 36.24 6.13 
Std. Dev. 0.02 0.05 0.06 

ZOM Station 
Maximum 27.15 36.25 6.61 

16 
Minimum 27.10 36.00 6.03 
Average 27.12 36.21 6.19 
Std. Dev. 0.01 0.04 0.14 

ZID Stations 
Maximum 27.15 36.25 6.11 

8 
Minimum 27.08 34.13 5.86 
AveraQe 27.13 35.98 5.93 
Std. Dev. 0.02 0.59 0.05 
Maximum 27.16 36.24 6.69 

BA Minimum 27.08 35.98 6.08 
Average 27.13 36.18 6.26 
Std. Dev. 0.02 0.05 0.15 

End of Pioe Station 
Maximum 27.14 36.27 5.38 

14 Minimum 27.08 34.89 4.80 
Average 27.12 36.08 4.97 
Std. Dev. 0.01 0.34 0.14 

Summary of All Stations 

All 
Maximum 27.19 36.30 6.69 

Stations Minimum 27.08 34.13 4.80 
Average' 27.13 36.14 5.90 

11 Average is the average of station averaQes, not individual readinQs. 

• Salinity ranged from 36.30 ppt to 34.13 ppt with an average of approximately 36.14 

ppt. Slightly lower values and a small salinity gradient were recorded in the near 

surface water throughout the Harbor (Attachment II). The minimum value was a 
singular data point, does not reflect an appreciable fraction of the water column, and 

may not be accurate. These values are typical of Pago Pago Harbor water and are 

consistent with previous salinity measurements. There is no ASWQS for salinity, but 

there was no indication of reduced salinity caused by the discharge plume. 

• The DO minimum value was 4.80 mg/I and the average was 5.90 mg/I. The lowest 

value was at Stations 14 well below the surface (Attachment II) and may be a re

sponse to the algal bloom mentioned above. Excluding Station 14, the minimum 
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value was 5.86 mg/1. At Station 14, the average DO was 4.97 mg/1. Overall, the DO 

concentrations meet the ASWQS minimum criterion of not less than 5.0 mg/1 and 

not less than 70% saturation4 with the exceptions noted. 

Nutrients and Biological Parameters 
Table 7 presents the results for the nutrients5 measured in the grab samples from the desig

nated stations (see Table 1). Samples were also collected and analyzed at Station 13 in the 

far Inner Harbor as a secondary reference, although not required by the permits. These pa
rameters included total Kjeldahl nitrogen (TKN), nitrate+nitrite, and total phosphorus (TP). 

The ASWQS regulates total nitrogen (TN), which is calculated by adding the concentration 

values of TKN and nitrate+nitrite. Laboratory data are provided in Attachment III. 

Table 7. 
Nutrient Parameters 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Depth TKN Nitrate+ Nitrite Total Nitrogen1 Total 
Phosphorous 

Method 351.3 353.2 calculated 365.3 
Uniti ma/I mg/I ma/I ma/I 

Detection Limit (values notec 
0.1 0.005 -- 0.004 

in bold in Table 
WQ Standard - -- 0.200 0.030 

3 0.1 0.013 (J) 0.113 0.02 

5 60 0.1 0.017(J) 0.117 0.02 
120 0.1 0.06 0.16 0.01 

Averaqe 0.1 0.030 0.130 0.017 
3 0.10 0.008 (J) 0.108 0.02 

16 
60 0.1 0.013(J) 0.113 0.01 
120 0.1 0.010 (J) 0.110 0.01 

Averaqe 0.10 0.010 0.110 0.013 

13 3 0.1 0.042 0.142 0.07 
20 0.1 0.020 0.120 0.04 

1 Total Nitrogen = TKN + (nitrate+nitrite) 
(J) indicates that the result is an estimated concentration that is less than the MRL but greater than or equal to 
he MDL 

Values in BOLD font indicate reported concentration was below the MDL 

The results of the sampling and analyses for the nutrient parameters are summarized as fol
lows: 

• Total nitrogen was measured below the ASWQS criterion in all samples. The 
ASWQS criterion is 200 µg/1 (0.200 mg/1). 

4 70% DO saturation is approximately 4.5 mg/1, for the observed temperature and salinity. 
5 Total ammonia (as N) is also measured and is presented with the mixing zone parameters in the 
following section. 
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• Total phosphorus was reported below the ASWQS criterion (0.030 mg/1) for all of 

the samples from the permit required Stations (see Table 7). However, the TP values 

in the Station 13 samples are elevated. This gradient is not physically consistent 

with a source at the discharge point. 

Mixing Zone Parameters 
The NPDES permits for both canneries include effluent limitations for mixing zone parame

ters. The mixing zone is not the same as the nutrient mixing zone for TN and TP, and com

pliance with ASWQS criteria is required within the zone of initial dilution. These parame

ters include ammonia, copper, zinc, and mercury (Table 8). The results of the analyses for 

the mixing zone parameters show that all parameters are well below ASWQS criteria. 

Table 8. 
Mixing Zone Parameters 

JCO Receiving Water Quality Monitoring 
August/September 2008 

Station Depth Ammonia (N) Copper Zinc Mercury 
Method 350.1 200.8 200.8 1631E 

Units mq/1 µg/1 µg/1 µq/1 

WQ Standard :::: 0.401 3.1 81 0.050 
Reference station 

3 0.02 0.21 (J) 0.93 (J) 0.00233 

5 
60 0.005 0.16 (J) 0.44 (J) 0.00232 
120 0.005 0.42 0.87 (J) 0.00368 

Averaae 0.010 0.26 0.75 0.00278 
ZID stations 

3 0.01 0.31 3.30 0.00361 

8 
60 0.03 0.48 2.66 0.00551 
120 0.02 0.60 2.53 0.0101 

Averaae 0.02 0.46 2.83 0.00641 
3 0.08 0.27 0.98 (J) 0.00238 

BA 
60 0.01 0.21 (J) 1.25 0.00128 
120 0.01 0.56 1.13 0.00599 

Average 0.06 0.35 1.12 0.00322 
End of Pioe Station 

3 0.07 0.51 1.32 0.00252 

14 
60 0.05 0.84 6.46 0.00283 
120 0.05 0.66 1.05 (J) 0.00641 

Averaqe 0.06 0.67 2.94 0.00392 
Summarv of All Stations 

Minimum 0.01 0.16 0.44 0.00128 

All 
Maximum 0.08 0.84 6.46 0.01010 
Average 0.02 0.45 1.19 0.00322 Stations 
Median 0.03 0.40 1.76 0.00377 

Std. Dev 0.03 0.21 1.67 0.00250 
11 Ammonia criterion is a function of pH, temperature, and salinity. This value is appropriate for the observed con-
ditions 
Bold font indicates that the parameter was not detected above the MDL 

1,J) indicates that the result is an estimated concentration that is less than the MRL but greater than or equal to 
he MDL 
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Table 9 

JCO Receiving Water Quality Monitoring 
August/September 2008 Sampling 

Receiving Water Pennit Conditions and Compliance 
JCO Pago Pago Harbor Water Quality Monitoring 

August/September 2008 

Permit Discharge Specifications 
Applicable Stations Listed 

in NPDES Permits (X) Comments 
for Receiving Water 

14 8 BA 16 5 
Part I.B. Except as authorized by specific effluent limitations, the discharge shall be substantially free of 

or shall not cause the following in the receivina water: 
No objectionable color, odor, or taste X X X X X 
No visible floating material, grease, oil, 

X X X X X 
scum, foam Compliance with permit requirements 
No materials that will produce visible X X X X X 

observed during sampling of receiving 
turbidity or form objectionable deposits water 
Materials toxic to humans or aquatic life 

X X X X X 
or produce undesirable aquatic life 
Temperature of receiving water more 
than 1.5 °F from natural conditions or 

X X X X X 
Compliance with permit requirements 

exceed 85 °F (other than from natural based on measured values 
causes) 
Toxic pollutants higher than the appli-

X X X X X 
cable criteria Compliance with permit requirements 
Mixing zone parameters higher than the 

X X X X 
measured for NH3, Hg, Cu, and Zn 

applicable criteria outside the ZID 
Turbidity to exceed 0.75 NTU at or out-

X X X X 
Measurement of turbidity is not required. 

side the ZID Compliance with ASWQS for light pene-
tration measured at all stations could not 

Light penetration depth less than 65 feet 
X X X X 

be demonstrated. Noncompliance with 
at or outside the ZID ASWQS criterion are not attributable to 

the discharae (see text). 
Compliance for DO measured at all sta-
tions except 14, which is within the ZID. 
Approximately one-half of the water col-

DO less than 70% saturation of less 
umn was below 5.0 mg/I: however, the 

than 5.0 mg/I at or outside the ZID 
X X X X average was 5.0 mg/I and the minimum 

was recorded as 4.8 mg/I. The difference 
between the minimum and the ASWQS 
criterion is within the expected accuracy 
of the instrument used to measure DO. 

Part I.C. The discharae shall not cause the following at the boundary of the mixina zone for mercury 
Mercury to exceed 0.05 µg/1 X X Compliance measured 
Part 1.0. The discharge shall not cause the following at the boundary of the mixing zone for nutrients 
Total phosphorus no hiaher than 30 ua/I X Compliance measured 
Total nitrogen no higher than 200 µg/I X Compliance measured 

Measurement of Chlorophyll-a is not re-
quired. However, samples collected on 1 
September 2008 (the day after the JCO 
sampling) indicated high chlorophyll-a 

Chlorophyll-a no higher than 1.0 µg/I X levels at Stations 16 and 18 (see Figure 
1 ). The observed levels are attributed to 
the persistent plankton bloom and heavy 
rains and stream flows - and are not 
attributed to the discharge. 
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Attachments Provided on CD-ROM 

JCO Receiving Water Quality Monitoring 
August-September 2008 Sampling 

ATTACHMENT I: Sonde Calibration Records 

ATTACHMENT II: Vertical Profile Data 

ATTACHMENT III: Laboratory Results (Columbia Analytical Services, 
Inc. and AMTEST Laboratories) 



gdc 

Mr. Carl Goldstein 
Pacific Insular Area Programs 
CMD-1 
Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, CA 94105 

COASTAL ENVIRONMENTAL ANALYSTS 

5 August 2008 

Mr. Matt Vojik 
American Samoa Environmental 

Protection Agency 
American Samoa Government 
P.O. BoxPPA 
Pago Pago, American Samoa 96799 

RE: JCO Receiving Water Monitoring - May 2008 Sampling 

Enclosed are two copies of the 2008 Non-tradewind Season JCO Water Quality 
Monitoring Report (May 2008 sampling period) required by the Joint Cannery 
Outfall (JCO) NPDES Permits for StarKist Samoa and COS Samoa Packing. 

The sampling and measurements at the required stations were completed without 
significant problems during the May 2008 campaign. Please note that we have 
changed the format of the report and have provided all Attachments as electronic 
files on CD-ROM. This includes laboratory data previously provided as a paper 
copies and allows the inclusion of additional laboratory QA/QC material. 

Please call us if you have any questions or comments on the enclosed report. 

Sincerely, 

/ ~•" ,/ ~ A <t,u.,.-- a. . 

Karen A. Glatzel 

Encl: Two copies to Mr. Carl Goldstein 
One copy to Mr. Matt Vojik 

AECEIYED 

AUG 1 I 2008 

Compliance Office, WTR-7 

Cc: Jim Cox, COS International; Willem Martines, COS Samoa Packing; Sam 
Augspurger, COS Samoa Packing; Tim Ruby, Del Monte Foods; Brett Butler, 
StarKist Samoa; Joe Carney, StarKist Samoa; Rob Darby (all with one copy of 
enclosure) 

P.O. BOX 1238 • 216 DRIFTWOOD LANE• TRINIDAD, CA• 95570 
PHONE: 707-677-0123 • FAX: 787-677-9210 

EMAIL: GLATZE LDACOST A@SCDDE NLINK.NE T 



Request for 

Water Quality Certification 

and the 

Definition of Mixing Zones 

Submitted by 

StarKist Samoa (NPDES Permit AS0000019) 

and 

COS Samoa Packing (NPDES Permit AS0000027) 

Submitted to 

American Samoa Environmental Protection Agency 

Prepared by 

gdc 

28 June 2007 



gdc 
COAST AL ENVIRONMENTAL ANALYSTS 

28 June 2007 

Fanuatele Dr. T. Vaiaga'e, Director 
American Samoa Environmental Protection Agency 
Utulei Office Building 
P.O. BoxPPA 
Pago Pago, AS 96799 

Re: Request for water quality certification and the definition of mixing zones for the Joint 
Cannery Outfall 

StarK.ist Samoa and COS Samoa Packing (the canneries) have submitted applications for the 
renewal of their respective National Pollution Discharge Elimination System (NPDES) permits 
(AS0000019 and AS0000027) to the U.S. Environmental Protection Agency (USEPA). The 
canneries discharge treated process water effluent through a common joint cannery outfall 
(JCO) into the outer portion of Pago Pago Harbor. Seventeen years of monitoring have 
indicated no environmental degradation resulting from the discharge. The canneries request 
that the American Samoa Environmental Protection Agency (ASEPA) provide water quality 
certifications (WQCs) for the NPDES renewal permits with the approval of mixing zones as 
described below. 

[1] The existing permits, and previous water quality certifications (WQCs), have been based on 
mixing zones for a limited number of parameters that can not be treated to the American Samoa 
Water Quality Standards (ASWQS) criteria levels. The mixing zones have been established for 
total nitrogen, total phosphorous, ammonia, copper, and zinc. The canneries request that these 
mixing zones be renewed as currently defined. There have been no changes in the discharge or 
receiving water characteristics since the mixing zones were initially established. 

[2] Recent analyses for the cannery effluents, using analytical methods previously unavailable, 
indicate that a mixing zone for mercury is also required. The canneries request that a mixing 
zone for mercury, consistent with the mixing zones for copper and zinc be established and 
included in the WQC. 

[3] The existing permit requires specific effluent and receiving water monitoring to demonstrate 
that the discharge meets permit limitations and is not compromising the water quality in Pago 
Pago Harbor. Following the completion of five years of receiving water monitoring under the 
existing NPDES permits, USEP A and ASEP A approved modifications to the monitoring 
provisions of the existing permits. These modifications included the method for monitoring of 
copper, zinc, and mercury in the effluent and the stations and parameters monitored in Pago 
Pago Harbor. The canneries request that these modified monitoring procedures be carried into 
the renewal permit and included in WQCs with the following exception: copper, zinc, and 
mercury be analyzed in a composite effluent sample rather than individual grab samples. This 
change is justified by the existing data that shows small variability in these parameters over a 
24-hour period. 

P.O. BOX 1238 • 216 DRIFTWOOD LANE• TRINIDAD, CA• 95570 
PHONE: 707-677-0123 • FAX: 707-677-9210 

EMAlL: GLATZELDACOSTA(tI SUDDENLINK.NET 



IIC TO DR VAIAGA'E, DIRECTOR ASEPA 
REQUEST FOR WQC AND MIXING ZONES FOR JCO 
PAGE 2 

To support the requests listed above the following information is enclosed: 

Attachment 1: Basis for Joint Cannery Outfall Mixing Zones. This document 
describes in more detail the justification and provides documentation supporting the 
renewal of existing mixing zones and the establishment of a mixing zone for mercury 

Attachment 2: Requested Changes to Permit Required Sampling. The changes 
described in this document were approved by USEPA and ASEP A and describe the 
ongoing monitoring activities as modified from the existing permit conditions. This is 
the basis for the canneries request for monitoring under the renewal permit. 

Attachment 3: Application for Water Quality Certification and Zones of Mixing for 
the Joint Cannery Outfall -1997. This letter to ASEPA requested renewal of nutrient 
mixing zones and requested and supported mixing zones for copper and zinc. The 
justification and support for a mixing zone for mercury is essentially the same as for 
copper and zinc. Meeting the ASWQS requirements for mixing zones of copper and zinc 
results in meeting those same requirements for mercury based on the analyses provided 
in Attachment 1. 

Attachment 4: Joint Cannery Outfall mixing Zone Application -1991. This letter to 
ASEQC requested and supported rnixi.ng zones for nutrients (nitrogen and 
phosphorous). 

Attachment 5: Site-specific Zone of Mixing Determination for the Joint Cannery 
outfall Project, Pago Pago Harbor, American Samoa - 1991. This Technical 
Memorandum provided technical details supporting the mixing zone request of 1991. 

The canneries recognize that ASEP A and USEP A may include monitoring requirements and 
studies in addition to those listed in item [3] above in the renewal permit. The canneries would 
request, and would appreciate, the opportunity to discuss any proposed permit conditions with 
ASEP A and USEP A. 

Your office has been notified by both canneries that UdC is authorized to submit the application 
for the mixing zones listed above. If you have any questions or wish to discuss this application 
please contact gdc or contact the canneries directly. 

Sincerely 

Karen A. Glatzel 
Steven L. Costa 

Attachments 1-5 

Copy to: Carl Goldstein/USEP A; Peter Peshut/ ASEP A; Edna Buchan/ ASEP A 
Tim Ruby /Star Kist; Jim Cox/ COS Samoa Packing; 
Joe Carney /Star Kist; Ken McLeod/ COS Samoa Packing 



Attachment 1 
Basis for Joint Cannery Outfall Mixing Zones 



Basis for Joint Cannery Outfall Mixing Zones 
This document, combined with the documents referenced below, provides the support and 
justification for definition of mixing zones for the Joint Cannery Outfall (JCO) in Pago Pago 
Harbor. In addition, the effluent limitations proposed by the canneries are listed (see Table 
1) 

1992 Permits 
When the individual cannery discharges in the Inner Harbor were moved to a new outfall 
(JCO) in the Outer Harbor new NPDES permits for each cannery were issued (the 1992 
Permits). It is noted that high-strength waste segregation was initiated at about the same 
time. These permits, with an effective date of 27 October 1992 included effluent limitations 
as shown in Table 1. The initial permits included mixing zones for nutrients and an effluent 
limitation for total ammonia was also included, which implied a mixing zone for ammonia. 
The mixing zones on which this permit was based were: 

• A nutrient mixing zone for total nitrogen (TN) and total phosphorous (TP) based on 
initial and farfield dilutions. The farfield model was developed during the feasibility 
studies for the outfall relocation and is documented in the study report. 1 The results of 
that study were refined and summarized in a subsequent Technical Memorandum 
supporting the definition of the mixing zone.2 The nutrient mixing zone was established 
to be a region 1300 feet in radius centered on the diffuser, with the condition that the 
boundary of the nutrient mixing zone was not to extend shoreward of the 30 foot 
contour. 

• A mixing zone for total ammonia was used to provide an ammonia effluent limitation3 

and was based on the initial dilution calculated for the selected diffuser configuration. 
The initial dilution under critical conditions was calculated to be 337:1 for the total flow 
from both canneries listed in the 1992 Permits. 

Receiving water quality monitoring done initially by ASEP A, and subsequently by 
CH2M HILL, indicated that water quality standards for these parameters were consistently 
met. In addition CH2M HILL conducted two dye studies and a farfield model validation 
study that confirmed the model predictions for both the nearfield (initial dilution) and 
farfield (transport) models. 

The 1992 Permits included five metals with effluent "monitoring only" limitations, as well 
as a requirement for periodic effluent priority pollutant scans. Based on the data collected 
over the permit period it was determined that both copper and zinc would also require 
mixing zones. These parameters were included in the renewal permit with an effective date 

1 CH2M HILL, 1991a. Engineering and Environmental Feasibility Evaluation of Waste Disposal Alternatives. 
Prepared for StarKist Samoa, Inc. March 1991. 
2 CH2M HILL , 1991 b. Site-specific Zone of Mixing Determination for the Joint Cannery Outfall Project: Pago 
Pago Harbor, American Samoa. Prepared for ASEQC, ASEPA, USEPA, StarKist Samoa, and Van Camp 
Seafood. 26 August 1991. 
3 The 1991 mixing zone application did not include ammonia. Total ammonia was included as an effluent 
limitation by EPA, and presumably based on the assimilative capacity and the initial dilutions provide in 
CH2M HILL 1991a and 1991b. 



BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

of January 23, 2001 (the 2001 Permits). The effluent limitations are shown in Table 1. Table 
1 also list the effluent limitations proposed by the canneries for the renewal permit. 

Table 1. Effluent Limitations 
1992 Permits 2001 Permits Proposed 

Parameter cos SKS cos SKS cos SKS 

Flow (mgd) 0.72 2.9 1.4 2.9 1.4 2.9 

B0D5 -Average MO MO MO MO MO MO 

B0D5 - Maximum MO MO MO MO MO MO 

TSS (lbs/day) -Average 2304 2563 2376 2996 2376 2996 

TSS (lbs/day) - Maximum 5312 6673 5976 7536 5976 7536 

Oil & Grease (lbs/day) - Average. 538 675 605 763 605 763 

Oil & Grease (lbs/day) - Maximum 1344 1688 1512 1907 1512 1907 

Total Phosphorus (lbs/day) - Average 208 192 208 192 208 192 

Total Phosphorus (lbs/day) - Maximum 271 309 271 309 271 309 

Total Nitrogen (lbs/day) - Average 800 1200 800 1200 800 1200 

Total Nitrogen (lbs/day) - Maximum 1935 2100 1935 2100 1935 2100 

Acute Toxicity (LC50) - Maximum MO MO MO MO MO MO 

Total Ammonia (mg/I) - Maximum 133 133 133 133 133 133 

Temperature (°F) - Average 90 90 90 90 90 90 

Temperature (°F) - Maximum 95 95 95 95 95 95 

Total Cadmium (µg/1) MO MO -- -- -- --

Total Chromium (µg/1) MO MO -- -- -- --

Total Lead (µg/1) MO MO -- -- -- --
Total Mercury (µg/1) - Maximum MO MO -- -- 1.1 1.1 

Total Copper (µg/1) - Average -- -- 66 66 -- --

Total Copper (µg/1) - Maximum -- -- 108 108 108 108 

Total Zinc (µg/1) - Average MO MO 1545 1545 -- --

Total Zinc (µg/1) - Maximum -- -- 1770 1770 1770 1770 

pH - Minimum 6.5 6.5 6.5 6.5 6.5 6.5 

pH - Maximum 8.6 8.6 8.6 8.6 8.6 8.6 

Shaded cells represent effluent limitations based 
on a mixing zone. 

2001 Permits 
Other than the inclusion of mixing zones for copper and zinc the only change in effluent 
limitations was an increased flow limitation for COS Samoa Packing (from 0.72 to 1.40 mgd) 
and some adjustments for Oil & Grease and TSS limitations. There was no increase in the 
loading for TN or TP. The mixing zones were revaluated for existing parameters. The 1991 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

Technical Memorandum included analysis that indicated that there was excess capacity for 
TN and TP and the model results indicated compliance within the existing mixing zone, 
which allowed for the flow increase. The effect on initial dilution was minimal and the 
results presented in the 1991 Technical Memorandum indicated that for a change in total 
flow from both canneries from 3.62 mgd to 4.3 mgd the initial dilution under critical 
conditions will change from 337:1 to 313:1. The development of the initial dilution is 
described in the following section. 

The mixing zones on which the 2001 Permit effluent limitations were based included: 

• The nutrient mixing zone and concomitant effluent limitations for TN and TP were 
unchanged and based on the same information and conditions as in the earlier 1992 
Permits. The small decrease in initial dilution was more than compensated for because 
of excess capacity in the mixing zone (the mixing zone was initially sized to account for 
increased production and nutrient loading). 

• The total ammonia mixing zone and effluent limitations was unchanged and based on 
the same information and conditions as in the earlier 1992 Permits. There is excess 
sufficient assimilative capacity even with the small decreases in critical initial dilution. 

• The copper and zinc mixing zones were based on the same critical initial conditions 
developed for the 1992 Permits, with the indicated decrease in initial dilution, and the 
available receiving water data for metals, collected by CH2M HILL during four 
monitoring episodes in 1996 and 1997.4 

Receiving water quality monitoring done semiannually' beginning in 2001 have consistently 
demonstrated compliance with ASWQS for all mixing zone parameters including copper 
and zinc. A study was conducted to determine the source of zinc and copper and it was 
determined that these metals occur in the effluent primarily because of leaching from 
storage, handling, and processing equipment. There is no identifiable approach for source 
control for these parameters. 

The 2001 Permits included a requirement for priority pollutant scans. The results of these 
analyses indicated that mercury would require a mixing zone. The canneries began testing 
for mercury in the effluent concurrently with the required bioassay tests and have 
completed four tests.6 The available effluent mercury data are discussed in more detail 
below. 

Revised Dilution for Increased Flow at Samoa Packing 
The original mixing zone application was prepared during the final design stages of the 
diffuser and documents both the final optimization of the diffuser configuration and the 
performance of the final diffuser design. The final diffuser configuration is described on 
page 14 and the design performance is described starting on page 18 of the 1991 Technical 
Memorandum. The selected diffuser configuration and the critical conditions used to 

4 The four monitoring reports were submitted to EPA and ASEPA. 

5 Ten monitoring reports from 2001 through 2005 have been submitted to EPA and ASEPA, the 2006 reports are 
in preparation. 

6 The results of the first three tests have been submitted to EPA and ASEPA. The fourth test report (February 
2007) is in preparation. 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

determine performance were as shown in Table 2. The conditions used all represented the 
most critical conditions resulting in predicted dilution lower than expected. 

Table 2. Design Parameters of JCO Diffuser 
Diffuser Characteristics 

Number of Active Ports 4 2 blocked ports for future expansion 
Port Size 5inches 
Port SpacinQ 50 feet Ports discharoe to alternate sides of barrel 
Port horizontal orientation 90° Perpendicular to barrel 
Port vertical orientation 15° Upward from horizontal 

Effluent Characteristics 
Effluent Flow 1.41 mgd 

2.39 mgd 
3.40 mqd 

Effluent Temperature 85 °F 
Effluent Salinity F(flow) 0.6 mgd seawater as worst case based on 

StarKist thaw water cycle 
Ambient Conditions 

Current Speed 0 As a very conservative assumption 
Density Profile Strong Most critical profile considered 

The model runs for these conditions are provided in Appendix A of the 1991 Technical 
Memorandum for both the weaker and stronger (critical) density gradients that were 
developed to describe the range of conditions expected at the diffuser location. The final 
predicted performance of the final configuration is provided in Table 12, page 20, of the 1991 
Technical Memorandum. The dilution information is reproduced below in Table 3, which 
includes additional results of the model runs not tabulated in the 1991 Technical 
Memorandum. 

Table 3. Predicted JCO Diffuser Performance 
Density Gradient Effluent Flow Initial Dilution to Total Initial Dilution' 

Trapping Level 
Stronger Gradient 1.41 467 559 

2.39 393 496 
3.40 346 439 
4.30' 313.) --

317" 399" 
Weaker Gradient 1.41 817 881 

2.39 659 693 
3.40 586 586 

' Included in model output but not in text of 1991 Technical Memorandum 
2 Not used in original analysis of the 1991 Technical Memorandum 
3 Estimated from curve fit as described in text. 

In Table 3 the "initial dilution to the trapping level" is the dilution calculated as the plume 
first passes through the equilibrium depth or trapping level in the water column where the 
density of the plume is equal to the density of the receiving water. This is often interpreted 
as the initial dilution for evaluation of water quality compliance. However, the plume keeps 
rising because of its momentum and rapid initial dilution continues as indicated in the 
"total initial dilution" column in Table 2. In fact, after reaching maximum height the plume 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

will subsequently collapse with initial dilution still increasing. The model used 
(UDKHDEN) does not predict this dilution during final collapse. 

When the COS Samoa Packing effluent flow was increased, resulting in the combined flow 
increase to 4.3 mgd, the effect on initial dilution was estimated by plotting the dilution as a 
function of flow as shown in Figure 1. Application of the regression equation shown 
predicts a dilution of 337:1 for a flow of 3.62 mgd and 313:1 for a flow of 4.30 mgd. For this 
mixing zone application the model was rerun for identical input parameters and the result 
and initial dilution was 317:1 as shown in Table 2. The difference in dilutions between 313:1 
and 317:1 is within the resolution and sensitivity of the models the two values are essentially 
identical. The model run results are shown in Figure 2. 

lnital Dilution Variation with Flow at Critcal 
Conditions 

500 --
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450 ~-- --

g 425 
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i5 375 ,---

~ 350 -'i: 325 , --- --
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0 0.5 

-, -~;- - --,--- -,-----

1 1.5 2 2.5 3 3.5 4 4.5 

Flow (mgd) 

----------- ---

+ Model predicted 
results 

, - Regression line (log) 

y = -137.69Ln(x) + 513.92 

R2 = 0.9998 

Figure 1. Predicted Dilution Results for Strong Density Gradient 

Proposed Renewal Mixing Zones 
For the current permit renewal the canneries are not requesting any changes in effluent 
limitations, with the obvious and appropriate request for a mixing zone for mercury. There 
have been no changes in diffuser configuration and the original initial dilution and farfield 
transport simulations were based on critical conditions. Therefore, no additional modeling 
is required. The caimeries request mixing zones for: 

• TN and TP with no changes from the original definition 

• Total ammonia with no changes from the original definition 

• Copper and Zinc with no changes from the original definition 

• Mercury as described below. 

The requested limitations consistent with the mixing zones are shown in Table 1, where they 
are compared to the 1991 Permit and 2001 Permit effluent limitations. 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

PROGRAM UDKHDEN 
SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985 

UDKHDEN CH2MHILL Version 2.2 (l-24-89) 
UNIVERSAL DATA FILE: 43strg.in 
CASE I.D. Joint Cannery Outfall Inital dilution Prediction: Stronger Density Gradient 
RUN TITLE: Flow= 4.3 mgd and strong density gradient 
DISCHARGE= 0.1884CU-M/S ** TEMPERATURE= 29.44-C ** SALINITY= 4.950-PPT ** DIAMETER= 0.1287 

NUMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 
AMBIENT STRATIFICATION PROFILE 

DEPTH (Ml TEMP (Cl SALINITY (PPT) DENSITY (G/CM3 I VELOCITY (M/S) 
0.00 27.30 35.50 1. 02302 0.000 
3.00 27.30 35.50 1.02302 0.000 
6.00 27.20 35.60 1.02313 0.000 
9.00 27.20 35.60 1. 02313 0.000 

12.00 27.20 35. 70 1. 02320 0.000 
15.00 27.20 35.80 1. 02328 0.000 
18.00 27.20 35.80 1. 02328 0.000 
21. 00 27.20 35.80 1. 02328 0.000 
24.00 27.20 35.90 1. 02336 0.000 
27. 00 27. 20 35.90 1. 02336 0.000 
30.00 27.20 35.90 1.02336 0.000 
33.00 27 .20 35.90 1. 02336 0.000 
36.00 27.20 35.90 1. 02336 0.000 
39.00 27.20 35.90 1.02336 0.000 
41. 00 27.20 35.90 1.02336 0.000 
44.00 27.20 35.90 1. 02336 0.000 
47.00 27. 20 35.90 1.02336 0.000 
49.00 27.20 36. 00 1.02343 0. 000 
55.00 27 .20 36.00 1.02343 0.000 

FROUDE NO= 20.86, PORT SPACING/PORT DIA= 118. 41 STARTING LENGTH= 0.744 
ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z THl TH2 WIDTH DRHO DTCL DSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1. 000 0.00 1.00 
0.00 0. 72 0.20 90.00 16.02 0.35 0.995 0.995 0.995 0.21 1. 94 
0.00 1. 70 0.51 90.00 20.07 1.14 0.306 0.304 0.304 0.79 6.33 
0.00 2.64 0.92 90.00 27.56 1. 89 0.180 0.178 0.178 1. 98 10.79 
0.00 3.51 1. 47 90.00 36.63 2.57 0. 126 0 .125 0.125 3.67 15.41 
0.00 4.29 2.15 90.00 45.37 3.17 0. 096 0.09~ 0.095 5. 72 20.30 
0.00 4.96 2.92 90.00 52. 72 3. 70 0.076 0.075 0.075 8.01 25.52 
0.00 5.54 3. 77 90.00 58.55 4.20 0.062 0.062 0.062 10.45 31.13 
0.00 6.04 4. 67 90.00 63.08 4. 67 0.051 0. 052 0.051 12.99 37.15 
0.00 6. 48 5.61 90.00 66.51 5.14 0.041 0.044 0.041 15.62 43.56 
0.00 6.87 6. 56 90.00 69.11 5.62 0.033 0.038 0.033 18.34 50.35 
0.00 7.21 7.53 90.00 71. 23 6.10 0.029 0.034 0.029 21.16 57.49 
0.00 7.82 9.50 90.00 74.52 7.04 0.023 0.026 0.023 27. 02 72.78 
0.00 8.32 11. 49 90.00 76.95 7. 96 0. 019 0.022 0.018 33.15 89.39 
0.00 8.75 13.51 90.00 78.78 8.87 0.016 0.018 0.015 39.51 107.26 
0.00 9.13 15.53 90.00 80. 21 9. 77 0. 013 0.015 0.013 46.08 126.33 
0.00 9. 46 17 .56 90.00 81. 35 10.66 0. 011 o. 013 0.011 52.84 146.55 
0.00 9.75 19.60 90.00 82.27 11. 55 0.010 0.011 0.010 59.78 167. 88 
0.00 10. 01 21. 64 90.00 83.04 12.44 0.009 0.010 0.009 66.88 190. 27 
0.00 10.25 23.69 90.00 83.68 13.32 0.008 0.009 0.008 74.14 213. 67 
0.00 10. 47 25.74 90.00 84.22 14.20 0.007 0.008 0.007 81. 55 238.05 
0.00 10.67 27. 79 90.00 84.68 15.07 0.006 0.007 0.006 89.10 263.37 

PLUMES MERGING 
0.00 11.02 31. 89 90.00 85.26 16.67 0.001 0.006 0.001 104.56 308.49 

PLUMES HAVE REACHED EQUILIBRIUM HEIGHT - STRATIFIED ENVIRONMENT 
0.00 11.17 33.69 90.00 85.26 17.57 0.000 0.006 0.000 111. 71 325.25 
0.00 11.26 34. 71 90.00 85. 26 18.06 0.000 0.006 0.000 115.96 334.18 
0.00 11. 34 35.74 90.00 85. 26 18.53 0.000 0.006 0.000 120.34 342.74 
0.00 11. 43 36.76 90.00 85.25 18.98 0.000 0.005 0.000 124.82 350.98 
0.00 11.51 37.79 90.00 85.25 19.43 0.000 0.005 0.000 129.42 358.94 
0.00 11. 60 38.82 90.00 85.24 19.88 -0.001 0.005 -0.001 134.13 366.63 
0.00 11. 69 39.84 90.00 85.15 20.50 -0.003 0.005 -0.003 139.00 374.01 
0.00 11. 77 40.87 90.00 84.93 21. 40 -0.005 0.005 -0.005 144.14 380.93 
0.00 11. 87 41. 89 90.00 84.51 22.78 -0.007 0.005 -0.007 149. 77 387.18 
0.00 11.97 42.92 90.00 83.73 25.15 -0.008 0.005 -0.009 156.28 392.54 
0.00 12 .10 43.94 90.00 81. 99 30.68 -0.009 0.004 -0.009 164.92 396. 62 
0.00 12.29 44.95 90.00 74.24 59.27 -0.009 0.004 -0.009 180.20 398.98 

PLUMES HAVE REACHED MAXIMUM HEIGHT - STRATIFIED ENVIRONMENT 
TRAPPING LEVEL= 20.56 METERS BELOW SURFACE, DILUTION= 316. 97 

Figure 2. UDKHDEN results for effluent flow of 4.3 mgd and strong density gradient 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

New Mixing Zone for Mercury 
The basis for the mixing zone for mercury is described in Table 4 and the following points 
concerning the calculations provide a more detailed explanation: 

• The first section of Table 4 is a tabulation of the recent data on mercury concentrations in 
the effluent. The values for COS Samoa Packing (COS) and StarKist Samoa (SKS) are 
listed as well as a flow weighted average for each sampling period based on the 
maximum permitted flows for each cannery. 

• The second section is a calculation of the reasonable potential maximum effluent 
concentration based on a 99 percent probability that the concentration will not exceed 
this value.7 It is noted that the individual cannery effluent concentrations and the flow 
weighted averages are essentially identical with respect to the reasonable potential 
effluent concentration for mercury. 

• The EPA Technical Support Document referenced above indicates that the calculation of 
reasonable potential may not be reliable for less than 10 samples and suggests using a 
CV of 0.6 for small data sets (until sufficient data are available). This procedure was 
used in Table 4, but the calculated CV is also shown and is very close to 0.6 for all cases. 

• The third section of the table illustrates the dilution required to meet the ASWQS for 
mercury for the reasonable potential effluent concentration and assuming the highest 
receiving water value observed at stations in the vicinity of the discharge. This section 
also shows the assimilative capacity (maximum allowable effluent concentration) of the 
receiving water, for the highest observed mercury concentration in the vicinity of the 
discharge based on the critical initial dilution for the maximum permitted flows. 

The reasonable potential was nearly identical for the individual cannery effluents and the 
flow-weighted average. It is proposed that an effluent limitation of 1.1 µg/1 be applied for 
both canneries to avoid potential violations while additional effluent data are collected. The 
dilution required to meet water quality standards is approximately 40:1, which is only a 
small fraction of the initial dilution under critical conditions. This also represents only a 
small fraction (about 0.125) of the assimilate capacity based on initial dilution, receiving 
water concretions, and the ASWQS criterion for mercury. 

7 The reasonable potential effluent concentration is calculated using the method from EPA's Technical Support 
Document for Water Quality-based Toxics Control ( 1991) 
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BASIS FOR JOINT CANNERY OUTFALL MIXING ZONES 

Table 4. Mixing Zone Calculations for Mercury (ua/1} 
cos SKS Flow Weighted 

Available Effluent Data for Mercury 
Effluent Concentration: September 20041 0.23 0.27 0.257 

Effluent Concentration: Auoust 20052 0.202 0.117 0.145 
Effluent Concentration: March 20062 0.113 0.126 0.122 

Effluent Concentration: November 20062 0.093 0.113 0.106 
Effluent Concentration: February 20072 0.072 0.064 0.066 

Reasonable Potential Calculations 
Number of Samples 5.0 5.0 5.0 

Maximum 0.230 0.270 0.257 
Averaoe 0.142 0.138 0.139 
Minimum 0.072 0.064 0.066 

Standard Deviation 0.070 0.078 0.072 
Coefficient of Variation (Calculated) 0.49 0.56 0.52 

Coefficient of Variation (Recommended)3 0.60 0.60 0.60 
Confidence Level 0.99 0.99 0.99 

Probability Level (Pl) 0.99 0.99 0.99 
Probability of Maximum (Pn) 0.40 0.40 0.40 

Zof Pn -0.26 -0.26 -0.26 
Zof Pl 2.33 2.33 2.33 

Standard Deviation (loo normal) 0.555 0.555 0.555 
Reasonable Potential Multiplier 4.19 4.19 4.19 

Reasonable Potential 0.96 1.13 1.08 
Required Dilution and Assimilative Ca1:>acity Calculations 

Receiving Water Maximum 0.0232 0.0232 0.0232 
ASWQS 0.05 0.05 0.05 

Dilution Required to meet ASWQS 35 41 39 
Maximum Allowable Effluent Concentration 8.4 
1 From the priority pollutant scan composite sample. 
2 Average values of analyses of eight samples collected over a 24-hour period. 
3 A CV of 0.6 was used in the calculations 
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Attachment 2 
Requested Changes to Permit Required Sampling 



To: Carl Goldstein, USEP A 

From: Steve Costa, CH2M HILL 

Copy: Peter Peshut, ASEP A 
StarKist Samoa (Brett Butler, Tim Ruby, Joe Carney, Theresa Carney) 
COS Samoa Packing (Herman Gebauer, Jim Cox, Brett Ransby) 

Date: 31 January 2006 

Requested Changes to Permit Required Sampling for 
StarKist Samoa NPDES Permit No.AS0000019 

COS Samoa Packing NPDES Permit No. AS0000027 
Star Kist Samoa and COS Samoa Packing are requesting that USEPA allow a modified 
sampling program for effluent metals sampling and the Receiving Water Monitoring 
Program during the period before renewal permits are issued. The requested revisions, and 
justification for such revisions, have been previously discussed with USEP A and ASEP A. 
These revisions were also discussed in the transmittal provided with the permit renewal 
applications for each of the canneries. The proposed revisions will not compromise the 
ability of USEP A and ASEP A to assess compliance with permit limitations and the 
American Samoa Water Quality Standards (ASWQS) 

Permit Section A. Effluent Limits and Monitoring Requirements 
The canneries propose to replace the once per month sampling frequency and the composite 
sample for copper and zinc with a semiannual sampling frequency with 8 grab samples 
spaced three hours apart for copper, zinc, and mercury. The samples will be collected 
simultaneously with the individual grab samples collected for the semiannual toxicity 
testing. All other requirements of Section A will remain the same. 

The canneries have been collecting monthly samples for copper and zinc for the past five 
years. There is a sufficient amount of data to characterize the long term concentrations of 
these parameters in the effluent. Analysis of grab samples over 24-hour periods will 
provide information on the short term variability. 

Mercury has been detected in the effluent of both canneries at concentrations above the 
proposed new ASWQS during recent priority pollutant scans. Additional information on 
mercury will be required to define a mixing zone. Sampling concurrently with the copper 
and zinc sampling is convenient and cost effective. Without mercury sampling there will be 
no additional effluent mercury data until a new permit is issued. 

Permit Section E. Receiving Water Quality Monitoring Program 
Receiving water quality monitoring over the past five years, and even prior to that time, has 
provided sufficient data to characterize and describe the water quality of the receiving water 
body (Pago Pago Harbor). During that time no effect of the canneries discharge has been 
observed, and water quality criteria and standards for the measured parameters have 
generally been achieved. On the rare occasions when water quality standards were not met 
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REQUESTED CHANGES TO PERMIT REQUIRED SAMPLING 

the cause was not attributable to the canneries' discharge and was attributed to natural 
causes. Future monitoring can be significantly reduced without compromising the 
evaluation of permit limitations or the ASWQS. 

The canneries request a reduction in number of monitoring stations. It is proposed that 
Stations 11, 15, and 18, as shown in Table 1, not be sampled for any parameters. It is noted 
that Station 11 is well away from the discharge and the approved mixing zones, and is 
generally for informational purposes only. Stations 15 and 18 are at the edge of the nutrient 
mixing zone. However, the permit limitations at the edge of the mixing zone are 
consistently met and the TN and TP concentrations at these stations are typically 
indistinguishable from background. Compliance can be demonstrated by TN and TP 
measurements at Stations 8 and 8A, which are both well within the nutrient mixing zone. If 
ASWQS for TN and TP are met within the mixing zone, the permit limitations at the edge of 
the mixing zone are undoubtedly achieved, and Stations 15 and 18 are redundant. 

Table 1. Requested Reduction in Sampling Stations 

Existing 
Vicinity Location Proposed Monitoring 

Monitoring Stations Stations 

5 Transition Zone Harbor Mouth 5 

8 Middle Harbor Inside ZOM 8 

BA Middle Harbor lnsideZOM 8A 

11 Inner Harbor East End 

13 Inner Harbor West End 

14 Middle Harbor Diffuser 

15 Middle Harbor ZOM Edge 

16 Middle Harbor ZOM Edge 

18 Outer Harbor ZOM Edge 

The canneries further request that the number of parameters monitored at the remaining 
stations be reduced as shown in Table 2. The justifications for individual parameters are as 
follows: 

• The receiving water is full strength sea water at all stations with only brief and 
minor depressions in salinity in near surface water after heavy rain. The 
measurement of pH provides little useful information because the buffering action of 
seawater controls the pH within a narrow range. Five years of data have shown that 
pH is typically consistent with that of seawater and does not vary by more than 0.2 
units from the long term average. The accuracy of the measurement is on the same 
order as the observed variation. 

• Turbidity, light penetration (by Secchi depth), suspended solids, and, to a large 
extent, chlorophyll-a, are all used to characterize water clarity, which is important 
for coral reef health. The canneries are proposing to replace these measurements 
with a vertical profile of photosynthetically available radiation (PAR). Such a 
measurement would provide direct information on light extinction (water clarity). 
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REQUESTED CHANGES TO PERMIT REQUIRED SAMPLING 

The data would be collected throughout the entire water column, which is a distinct 
improvement over existing methods. Finally, such a measurement is directly 
applicable to assessing the light penetration criterion in the ASWQS, which is not 
achieved using any of the other parameters. 

• Total nitrogen (TN) and total phosphorous (TP) monitoring at stations 5, 13, and 14 
does not add significantly to the assessment of the effect of the canneries' discharge 
and are not necessary to evaluate compliance with permit limitations. The past five 
years of data clearly indicate overall compliance, and continued monitoring at only 
the three stations requested (8, 8A, and 16) is sufficient to assess compliance. 

• Monitoring for lead and arsenic has been for informational purposes and these 
parameters do not have permit limitations. The past five years of data indicate 
compliance with ASWQS. Additional monitoring of these parameters is not 
required for permit monitoring. 

With the exceptions noted above, all other requirements of Section E will remain the same. 
It is noted that sampling will be continued at three depths at each of the stations listed 
above. 

Table 2. Requested Reduction in Sampling Parameters 

("X" indicates monitored parameter) 

Measurement 
Existing Parameters Measured Proposed Parameters 

Parameter I at Stations Measured at Stations 
Type 

5 8 8A 13 14 16 5 8 8A 13 14 

Temperature Vertical Profile X X X X X X X X X X X 

Salinity Vertical Profile X X X X X X X X X X X 

pH Vertical Profile X X X X X 

Dissolved Oxygen Vertical Profile X X X X X 

Turbidity Vertical Profile 

Turbidity Grab 

Light Penetration Direct Reading 

Light Extinction PAR Profile 

Suspended Solids Grab 

Chlorophyll-a Grab X X X X X 

Total Ammonia Grab X X X X X 

Total Nitrogen Grab X X X X X 

Total Phosphorous Grab X X X X X 

Copper Grab X X X X X 

Zinc Grab 

Lead Grab 

Mercury Grab 

Arsenic Grab 

30F3 

16 

X 

X 



Attachment 3 
Application for Water Quality Certification 

and Zones of Mixing for the Joint Cannery Outfall -1997 



Ude 
~tc{ CJ(!P/'1'7 

✓ ~+oP~ 
~(~ 

6 June 1997 

Shdla Wiegman 
American Samoa Environmental Protection Agency 
American Samoa Government 
Pago Pago, American Samoa 96 799 

Dear Ms \Viegman: 

Re: Application for Water Quality Certification and Zones of Mixing 
for the Joint Cannery Outfall operated by: 
StarKist Samoa (NPDES Permit AS0000019), and 
VCS Samoa Packing (NPDES Permit AS0000027) 

This letter is an application for Water Quality Certification, and Zones of Mixing (ZOMs) 
for cert.un constituents, of the treated wastewater discharge from StarKist Samoa and VCS 
Samoa Packing (the canneries) through the Joint Cannery Outfall 0CO) into the Outer 
Harbor portion of Pago Pago Harbor. It is noted that the outfall design and configuranon, 
discharge point, and characteristics of the treated wastewater have not changed since the 
issuance of the existing \½.tee Quality Certificate. There are existing ZO.Ms for total 
nitrogen {TN), total phosphorous (TP), and ammonia. Studies over the period of the 
existing NPDES permits have indicated the need and justification for ZOMs for copper and 
zmc. 

Application for the renewal of e.xisting ZO:\-1s and establishment of additional ZOMs, as 
indicated above, lS made pursuant to section 24.0208 of the American Samoa Water Quality 
Standards (ASWQS), 1989 Revision. This application is being submitted in conjunction 
with the renewal of the NPDES permits for the canneries, which expire 27 October 1997. 
Please be advised that the submittal date for renewal of the NPDES permits was delayed by 
30 days by USEPA for reasons associated "',ith the recent sale of VCS Samoa Pa.eking and 
the resultant need to re-establish contractual agreements between Samoa Pacicing and its 
consultant CH2M HI.LL. The applications for rene--;val of the NPDES permits by both of 
the canneries have been submitted to lJSEPA. 

StarK.ist Samoa and VCS Samoa Pa.ck.mg are herein applying for the foUowi.ng wnes of 
ffiLXtng: 

(1) Renewal of the ZOM previously established for TN, 

(2) Renewal of the ZOM previously established for TP 

(3) Rencv,-al of the ZOM previously established for ammonia 

(4) Establishment of a ZOM for copper 

(5) Establishment of a ZOM for zinc 

PO l!Oli: I 125 • t1R.CAT:\,C/I • 955\~ 

PHONE 707-J26 071'.' or ;662 • f/lX: 7()7 822 05~7 

E1'il\ll ,_; l. -~ l" Z IHDACOSTA@SPII.J NTM /\IL .COM 

~Lt_ 
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All documentation describing the existing 20:\-is, and the supporting infonnation re9uired 
by the ASWQS. was submitted during the initial applications. There have been no changes 
in the conditions previously described. In adclition, various studies conducted over the past 
five years have shown no deleterious effects or violations of water quality standards related 
to the existing ZOMs. The studies have clearly indicated that the water quality standards are 
met at the edges of the ZOM.s as required. Reports of all of the studies completed to date 
have been submitted to ASEPA. We believe that no additional material is needed to 
describe or justify the contmuation of the existing ZOMs in the same geometry and size 
currencly permitted. 

During stud.ie!. required under the NPDES permits, results of which have been previously 
submitted to ASEPA, levels of copper and zinc exceeding water quality criteria were 
detected in the treated wastewater effluent from both canneries. At the request of USEPA. 
a supplementay source identification study was conducted at VCS Samoa Packing (results 
of the study were previously supplied to ASEPA). The results of this study indicated that 
the source of zinc is attriburable to leaching from the galvanized equipment used in the 
cannery and at dockside for the handing of fish. The source of copper is less weU 
understood but appears to be associated with copper, brass, and bronze fittings and 
equipment and may aJso be associated with condenser materials and operation. 

The use of zinc and copper is ubiquitous and unavoidable in machinery, plumbing, and 
equipment, particularly ma marine dominated environment. Substitution of other materials 
at the scales of use in the cannenes is not practicable. Therefore, the cannenes are hereby 
applying for ZOMs for both zinc and copper. A ZOM for each of these constituents 
geometrically sirrular to that previgusly establish~ for ammonia is requested. The ZOM 
established for ammonia is consistent with a dilution of 80: 1 in the receiving water which 
occurs within approximately 12 meters from each of the discharge port.s of the existing 
djffuser. 

Ail tcchrncal mformaoon regarding the diffuser operation and performance was submitted 
to ASEPA during the process of establishment of the currendy existing ZOMs., including 
the existing ZOM for ammonia. The only additionaJ information required are descriptions 
of the cxpc:..--ctcd zinc and copper concentrations, in the receiving water, in the effluent. and 
at the edge of the ZOM under the appropriate dilution characteristics. These data are 
provided below for both zinc and copper. 

Zinc and copper in the receiving water (background) have been measured during three 
water yuality monitoring sampling campaigns (March 1996, October 1996, and March 1997). 
The results of the first two campaigns have been previously documented in reports 
submitted to USEPA and ASEPA. The results of the third, and most recent, field data 
collection is cLtJTendy being prepared for submittal. However, the laboratory data for zinc 
and copper are available and are included in the discussion below. R!!ceiving W,lter samples 
·were coUected 111 the following Pago Pago Harbor locations: 
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• In the "Inner Harbor'' which is distant from the discharge site. influenced by other 
potentials sources of zinc and copper. and in the area of poorest flushing and 
circulation in the harbor (Stat:1ons 11 and 13) 

• Outside the harbor mouth C'Transition Zone") in an area that represents the 
condition for near coastal waters adjacent to the mouth of the harbor (Stations 5 
and SA) 

• On the boundary of the existing mixing zone established for 1N and TP which 
represents conditions of the receiving water into which the discharge is being 
diluted (Stations 15, 16, and 18) 

TI1e results of all three data sets, at each of the stations listed above, are summarized in 
Attachment L Based on these data, an ambient receiving water (background) zinc 
concentration of <20 µg/1 and an ambient copper concentration (.in the V1cinity of the 

discharge) of <0.5 µg/1 are appropriate for determination of mixing zone size. 

Zinc and copper have been measured in the effluent of each cannery during the semi
annual effluent monitoring. Nine sets of data have been collected, eight of which have been 
reported to ASEPA. Results from the ninth sampling, done en March 1997, have been 
received from the laboratory, and the report to ASEPA and USEPA is currently being 
prepared. The data from all nine sampling episodes are summarized in Attachment II. 
Based on the data listed and the calculations summarized in Attachment II, the following 
maximum expected effluent concentrations were determined to assess the mixing zone 
requirements: 

• For zinc the expected maxima are 324, 1254, and 513 µg/1 for StarKist Samoa, VCS 
Samoa Packing, and the combined JCO discharge, respectively. Note that these 
values are considerably higher than the reported maxima. The expected values are 
based on the statistical approach referenced in Attachment II, and are used to 
determine a "worst case" for sizing the mixing zone. It should also be noted that 
the October 1993 samples were reanalyzed for a nwnber of constituents, including 
zinc, and the results of the reanalysis are included in the calculations shown in the 
attach:nent. 

• For copper the e,q2s;i;ted maxlma are 35, 55, and 36 µg/1 for StarK.i.st Samoa, VCS 
Samoa. Packing, and the combinedJCO discharge, respectively. Note that these 
values are also considerably higher than the reported maxima, except for the VCS 

S:amoa Packing reported. maximum of S4 µg/l. The reported maxima for VCS 
S:;unoa Packing was not used in the calculation of the expected maximum value 
listed above since it appears (based on inspection) to be an outlier that would 
substaritially bias the expected maximum value. As in the case of zinc described 
above, the expected values are based on the statistical approach referenced in 
Attachment II, and are used to determine a ''worst case'' for smng the mixing zone. 
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For some samples, copper was not detected and, except for the March 1996 sample, 
the c<>ncentrations used in the cala.thtions was assumed to be the detection limit 
reported. The detection limit during .March 1996 was considered abnormally high, 
and an alternative laboratory has since been selected and used for the semi-annual 
analyses 

The concentrations in the VCS Samoa Packing effluent are generally higher because much 
o( the zinc (and possibly copper as wdQ is inrroduced during the thawing process and VCS 
Samoa Packing uses a recycled thaw water process stream rather than a once through thav.i 
water process stream as done by StarKist Samoa. 

Usmg the information described above for background (ambient receiving water) and 
effluent concentrations, the dilution required to meet water quality criteria can be calculated 
as follows: 

DR= (CE • CJ/(C5 - CJ 

where: 

DR is the dilution required to reduce the concentration (Ce) to Cs 

Ci,; is the effluent concentration 

Cs IS the concentratlon desired (water quality criteria or standard) 

C,, is the ambient receiving v.-ater (or background) concentration. 

Using the water qt13.lity criteria for zinc (84 µg/I) and copper (2.9 µg/1), the plots of 
requ1red dilution versus effluent concentration shown in Attachment III were generated. 
D1luaons of 20:1 to 25:1 will be suffiaent to reduce the ma.'<imum measured concentrations 
(exhibited by the VCS Samoa Packing samples). Under the range of design Aow conditions, 
and worst case enV1ronmental conditions, dilutions of 25:1 are achieved in a distance of 
approximately 4 to 6 meters from the discharge ports of the diffuser. The dilution 
predictions are based on the technical mformation provided in the support information 
previously submitted to ASEPA during the definition of the currently existing ZOMs. It is 
noted that these predictions were substantiated by dye studies and water quality monitoring. 

In support of the requested zones of mixing described above, the following points have 
been considered: 

The ZOMs are reguired for the continued oper-ation of the cannenes and such 
operation is in the public interest. 
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The establishment of the ZOMs does not endanger human health or safety. and it is 
noted tha ~ the discharge is located at a depth of 176 feet in the outer portion of the 
harbor. 

Complian:e with the existing water quality standards at the point of discharge is not 
practicable and such compliance would prevent the canneries from operating. 

There will be no effect on marine ecology of the receiving waters outside of the mixlllg 
zones by defining the ceciuested ZOMs. It is noted that maxi.mwn exposure time of an 
organism entrained into the discharge plume is predicted to be less than 10 to 12 
seconds. 

Complete and detailed descriptions of the present conditions i.n J>:igo Pago Harbor, the 
comparison of those conditions to the ASWQS, and the concentrations of constituents 
proposed for discharge mto the requested moong zones, have been previously submitted to 
ASEPA with the original application for the existing ZOMs, in this application as described 
above, and/ or in the various reports required under that NPDES permits for the canneries 
which have been submitted to ASEPA over the past five years. 

If any additional information is reqwred or if you or your staff have any comments, 
concerns, or questions, please call or fa.x me at the numbers provided below. 

Phone: (707) 826-0717 or 826-7662 
Fax: (707)822-056 7 
email: glatzeldacosta@spnntmail.com 

Thank you for your time and attention to this matter, 

J;;~ 
Steven L Costa, Ph.D. 

cc: Norman Wei, Star-Kist Foods 
Barry Mills, StarK.ist &amoa 
James Cox, Van Camp Seafoods 
Herman Gebauer, VCS Samoa Paclcing 
Pat Young. USEPA-R.egion 9 
Doug Liden, USEPA-Region 9 
Topiga Tausaga, ASEPA 
Karin Noack, CH2M HILL 
David Wilson, CH2M HILL 
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This lettu consritures an application for zones of mixing and IWY required water quality cetti6C2tion by 
American Samoa Envi.toomental Protection Agency and Ame.rit31l Samoa Enviroomcntal Quality 
Commission for dixhsrge through the Joint Cannery Outnll in Pago Pago Harbor, Amcric.an Samoa, by VCS 
Samoa Paclcing Company, Inc. 

James Cox, Directot', Engineering and Environme.otal Affairs 
Van Camp Seafood Company, lnc 

This letter coostitutes an applic~tion for zones of milting and soy ttquired water 9uality certification by 
American Samoa Eovuonmcntal Protcctioo Agency and American Sam0,1 Envirowncntal Quality 
Conurussion for disclutgc du:ougb ch.c Joint ~ry Outfdl in Pago Pago Harbor, American Samoa, by 
StarKist Samoa, lnc. 

Norman 'wei. Senior Manager, Environmental Engineenng 
Stai:Kist Foods. Inc. 
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A'ITACHMENT I 
Receiving Water Zn and Cu Concentration& 

Zinc and Coppu ~• Result& 
Prum Pago lleceivi~ Harbor W•ter Qualirv Monitorirur 

Station Depth' Zinc Coocenttation (µ.g/1)2 Copper Coaeent!'lltion (µ.g/1)1 
(feet) forS 

.. Times forS Ti.me$ 
March NO\'Cmber March March November March 

1996 1996 1997 1996 1996 1997 
Transition Zone Samples 

5 JO <20 <20 <40 <25 <2 <0.5 
120 <20 <20 <40 <25 <2 <0.5 

142, 240, 160 <20 <20 <40 <25 <2 <0.5 
SA 30 <20 <20 <40 <25 <2 <0.5 

120 <20 <20 <40 <25 <2 <O.S 
155,220.160 <20 <20 <40 <25 <2 <0.5 

loner lhrbor Sa.nmles 
11 30 <20 <20 <40 <25 <2 <0.5 

120 <20 <iv <40 <25 <2 <0.5 
f60, 164, 154 <20 <20 <40 <25 <2 1.0 

13 3 <20 <20 <40 <25 <2 <0.5 
31,29, 30 <20 <20 <40 <25 <2 Q.9 

TN and TP ZOM Bowid#v Sa.ml>Jes 
15 3 <20 - - <25 - <O.S 

30 <20 <20 <40 <25 <2 <0.5 
60 - <20 - - <2 -

50 - - <40 <0.5 
64, 92, 90 <20 <20 <40 <25 <2 <0.5 

16 30 <20 <20 <40 <25 <2 <0.5 
60 <20 <20 <40 <25 <2 <0.5 

197,193, 190 <20 <20 <4-0 <25 <2 <O.S 
18 30 <20 <20 <40 <25 <2 <O.S 

60 <20 <20 <40 <25 <2 <0.5 
194, 192, 188 <20 <20 <40 <25 <2 <0.5 

1 Near bottom samples were collected within about ten feet of the bonom depths shown for each station for 
the three sampli-:ig times, respectively. 
2 The less than svmbol (<) indics.tes concentration below the reoor1lil\J' limit as shown. 
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ATTACHMENT II 
Effluent Zn and Cu Concentrations 

Zinc aod Copper Analyai• Reculc1 
Stariiat Samoa uid Samoa P~ Effluent MonitorinJt 

Sample StarKist Samoa Sample VCS Samoa P!l.ckin Sample Combined Samole6 

Zinc Coppc.- Flow Zinc Copper FlO'IJI' Zillc Copper Flow 
(i.te/1} (µdi) (mgd) (~J} (~ (mgd) (IJ.V{) (J.1,WI) (mgd) 

f<cb 1993 92 <10 1.20 380 21 0.84 211 15 2.04 
Oct93 130 <10 1.43 400 <10 0.66 215 10 209 
Oct 93 1 18(1 . 1.43 540 . 0.66 294 - 209 
Feb 94 14() 15 t.20 660 13 0.61 315 14 1.81 

Oct94 84 <lO 1.36 760 23 0.84 342 15 2.20 
Mar95 120 6 1.41 570 9 0.59 253 7 2.00 
Feb%2 63 13 1.30 440 S4 0.53 172 25 1.83 
Mar96 81 <255 0.95 7-40 <255 0.54 320 - U9 
Nov 96 117 5 1.65 471 1t 0.68 220 7 2.33 

Mar 1997 150 4.7 1.46 434 11 0.57 244 6 2.03 

1\venw:e 116 9 545 19 259 12 
Maximum 18() 15 7(/J 54 342 25 
Expected~ 324 35 1254 248 513 70 

Averal!'c• 14 11 
Maximum4 23 15 
8.xtiected• 55 36 
1 October 93 sample re-tested for zinc 
2 ~layed sampling from pn:vious fall 
; Bas,..d on 99-percentile for log normal dmnbution at <J9 percent confidence limits foUowing method given 
m the Water Quality-based Toxics Conttol TSO (EPA/505/2-90-001, March 1991) 

• Ba~ed on elimination of the 54 µg/1 copper concentration from February 1996 resting 
~ Values not used i.n avel'.llges because derection Lmit considered abnormally high 
6 Mow ,ve1Mtted cakulabon ot concentrations 
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ATTACHMENT Ill 
Required Dilution for Zinc and Copper 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION9 

75 Hawthorne Street 
San Francisco, CA 94105-3901 

Mr. Norman Wei 
Corporate Environmental Manager 
StarKist Foods, Inc. 
1054 Ways Street 
Tcnninal Island, CA 90731 

Mr. James L: Cox 

APR 2 9 '397 

Director of Eobrineering and Environmental Affairs 
Van Camp Seafood Company, Inc. 
4510 Executive Drive, Suite 300 
San Diego, CA 92121-3029 

Re: Submittal ofNPDES Permit RenewalApplications for StarKist Samoa, lnc.(AS0OOOOl9) 
and VCS Samoa Packing Company (AS0000027) 

Dear Mr. Wei and l\{r_ Cox 

Your request to submit the National Pollutant Discharge Elimination System ~'PDES) 
permit renewal applications for StarKist Samoa, Inc. and VCS Samoa Packing Company at a date 
later than 180 days prior to the expiration.date of these permits· is -granted. pursuant to 40 CFR· 
~22.2 l (d) Please submit the applications to th.is office by May 30, 1997 

As discussed with Steve Costa, your consultant, and my staff, the reason for the request 
tbr delay in submittal of the applications is the pending sale of Van Camp Seafood Company, Inc. 
The company is filing a voluntary petition under Chapter 1 l of the U S Bankruptcy Code, and 
financial arrangements are being made \\-1th the company's contractors, vendors and suppliers to 
i~sure continued payment. Since Dr Costa is a sub-contractor to CH2MHill, hired by the 
canneries to prepare the permit applications, the reorganization of Samoa Packing has temporarily 
delayed his preparation of the applications. It is anticipated that these financial arrangements will 
be resolved in a few weeks. 

We look fonvard to receiving the renev.ral applications at the end of May. Should you 
h~ve any questions, please contact Pat Young, American Samoa Program Manager at 4 l 5/744-
1594 or Doug Liden, Permit Writer at 415/744-1920. 

Sincerely, 

- ,,-) 
-iet\1~f t{;~~j r~~~v,~ 

Acting Director 
Water Division 
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cc: Norman Wei, StarK.ist Foods, Inc. 
James Cox, Van Camp Seafood Company, Inc. 
Togipa Tausaga, ASBPA, American Samoa 
Barry Mills, StarKist Samoa, American Samoa 
William D. Perez, VCS Samoa Packing Company, American Samoa 
Karin, Noack, CH2M Hill 



Attachment 4 
Joint Cannery Outfall mixing Zone Application - 1991 
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:v- Engineers 

- Pfcnners 
l .;:i~ l:llll Economists 

- Scientists 

August 8, 1991 

PD,X30702..PAMZ 

Dyke Coleman, Chairman 
~erk.an Samoa Environmental Qu.alicy Commission 
American Samoa Government 
Pago Pago, Americar Samoa 96799 

Sul?ject: Joint Cannery Outfall Mixing Zone Application 

Dear Mr. C.Oleman: 

En~osed is an application for .a mixing zone in Pago Pago Harbor for the proposed Joint Cannery Outfall. This 
outfall is proposed fN the joint use or Samoa Packing Company and StarKist Samoa, Inc. A mixing zone Will be 
reqbired in order to r.1eet American Samoa water quality standards. We have been coordinating the permitting activil1 for this project \Jith Sheila Wiegman of your office. A shon project description is art.ached to the application. 
Defiled engineering drawings of the outfaJJ were prepared by Makai Ocean Engineering an are provided in the En
virtjnmental Impact ...t..ssessment prepared for this project. 

A ~nd attachment to the application, which is not included at this time, is a Technical Memorandum describing 
site!specific details of bow the mixing zone location and geometry were developed. The main points of the overall 
t~rucal approach are given in the Feasibility Sludy referred to in the applica.tion. The Tocbnical Memorandum 
sun ly extends this work to a specific location. However, during tbe rourse of .. "1esign, there have been changes 
in e exact location of the diffuser, the discharge depth, the exact diffuser port dimensions, and the discltarge ang,le 
whi h have required so·me minor changes in the Technical Memorandum to maintain consistency between all of the 
d ments. We are in the process of finishing this memorandum now and will forward it by August 19, 19<Jl. We 
are sending the main body of the application at this time in order to facilitate rapid review of the project. 

Encjosed with this letter is authoriz.ation for me to formally submit tbe application and request a mixing zone be 
granted for StarKist Samoa, Inc. and Samoa Packing Company. 

1 appreciate your time and attention to this matter. If you or your staff ne&t any additional information please call 
me it your convenience. You can leave a message on my voic:e mail ac (415) 652-8149 extension 2251. 

Sin$ely, 

/ 

En sure 

StiL Costa 
Proj t Manager 

cc: ~eila Wiegman/ASEPA 
orman Lovelace/tJSEPA 

Pt Young/USEPA 
orman Wei/StarKist Seafood 

J mes Cm/Van Camp Seafood 

CH2M Hill San Francisco Office 6425 ChrtStie Avenue. SU/te saJ 
Eme-yvr/1&. CA 946GB 

4156522426 
.Cox 4 T 5.652 0482 
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APPLICATION FOR ZONE OF MIXING 

for 

JOINT CANNERY OUTFALL 
PAGO PAGO HARBO~ AMERICAN SAMOA 

by 

StarIGst Samoa, Inc. 
and 

Samoa Packing Company, Inc. 

July 17, 1991 

1. DESCRJP110N OF PROPOSED ZONE OF MIXING 

Star!Gst Samoa and Samoa Packing Company discharge treated wastewater from tuna can
nery operation, into the inner part of Pago Pago Harbor adjacent to the cannery operations. 
The canneries sre proposing to construct a single, jointly operated, outfall extending into the 
outer portion of the harbor. This wilJ provide significant improvements to the water quality 
of the harbor. However, a mixing zone wilJ be required since water quality standards can 
not be met at the point of discharge (POD). A short project description is provided as 
Attachment 1 10 this application. 

1.1 Location of the Requested Zone of Mixing 

The requested zone of mixing is located offshore of the eastern shoreline of the harbor be
tween Anasosopo Point and Ava Point. Tiu center of the diffuser (center of tM zone of mixing) 
fr approxi.malelJ at Northing 305,100 and Easting 263,700 as slwwn in Figure I. This location 
may change slightly during fina1 design and construction. However, the center of the mixing 
~one wiU be within the limjts for potential diffuser locations shown on Figure L 

The location or: the requested zone of mixing was determined based on a feasibility study 
conducted by CH2M HILL, 

"Engineering and Emtironmen.till Feasibility Evaluation of Waste Disposal Alternatives~. CH2M 
Hil~ Marc,1 1991. Final Repo11 for SuirKist Samoa, Inc. 

referred to as the Feasibility Study in discussions below. The analyses done during the Fea
sibility Study inciicated a range of potential diffuser locations that would result in compliance 
With water quality standards at anticipated discharge conditions and meet other criteria as 
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discussed below. The location proposed as shown on Figure 1 near the south end of the 
area of potent~al locations was selected based on the following factors: 

• Water Quality Standards for Pago Pago Harbor: the allowable loading of 
total nitrogen (TN) and total phosphorus (TP) was predicted for locations in 
the harbor between the closed end (head) and open end (mouth) of the har
bor. The allowable loading was considered the loading that would result in 
compliance with 1989 Revision of the American Samoa Water Quality 
Standards (ASWQS) throughout the harbor (except \\'lthin the zone of mixing). 
As the effluent discharge location is moved from the head of the harbor to
ward the mouth of the harbor the allowable loadings become higher. Howev
er, a mixing woe will be required regardless of the loading or location. 

• Water Quality Standards for Open Coastal Waters: the standards for open 
coastal waters are more restrictive (lower TN and TP concentrations) than for 
within Pago Pago Harbor. In addition the ASWQS prohibit the discharge of 
industrial waste into open coastal waters. The open· coastal standards there· 
fore limit the potential location of cannery effluent discharge. The discharge 
location must be far enough from the mouth of the harbor to aJlow sufficient 
mixing to occur to keep the mixing zone within the harbor. 

• Joint Cannery Loadings: A waste load allocation study has been done for the 

• 

American Samoa Government: 

A U-aste Lead Allocation Study for Pago Pago Harbor, Ameman Samoa. 
Hydro Resources l1ttemational, 1989. Report for American Samoa Environmen
tal protection Agency . 

This study indicated that the total allowable TN and TP loadings (total maxi
mum daily loadings, TMDI...s) depended on location of the discharge point 
Waste1oad allocations (wt.As) for the individual canneries were also discussed 
in the referenced report. For the purpose of locating a discharge point during 
the Feasibility Study a total anticipated maximum future loading was used 
based on projections and estimates of each cannery. These estimates are 
discussed in a Teclinical Memorandum presenting the details of the mixing 
zone determination and geometry provided as Attachment 2 to this application 
(referred to as the Mixing Zone TM in discussions below). 

Cost of Construction: The length of the pipeline depends on the location 
required for the assumed loading. As described in the Feasibility Study the 
cost of the pipeline increases with length. However, the cost per unit length is 
not constant and varies with total length, flow rate, pipe material and other 
factors. 

A careful consideration of each of these factors using available data, new data collected 
specifically for the purpose, models and engjneering analysis was made to select the location 
of the discharge and mixing zone. The background and preliminary findings are presented in 
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the Feasibility Study; the methods used to arrive at the final determination of the mixing 
zone characteristics are presented in the Mixing Zone TM. 

1.2 Dimensions of the Requested Zone of Mixing 

The analysis of mixing zone 5ize was based on worst case conditions as described in the 
attached Mixing Zone TM which describes technical details of initial dilution calculatioru, 
subsequent and farfield dilutions, and wastefield transport throughout the harbor. This di~ 
mension requested is bounded by a circle centered on the midpoint of the diffuser 1300 feet in 
radius or by the 30 foot ronrour whicheller is closest to tlu cenier of th£ diffuser. A graphical 
representation of the requested m.oong zone is presented on Figure 1. 

The determination of the mixing zone size considered the following factors: 

• Initial dilution under expected extremes of density gradients and current 
speeds. 

• Trapping levels under expected extremes of density gradients and current 
speeds. 

• Subsequent (secondary) dilution under expected extremes of dilution, trapping 
level, and current speeds. 

• Constituent concentration (background) in the receiving water under the worst 
case scenario of continuous discharge at the maximum anticipated effluent 
loading rates. 

Based on the points listed above, the requested moong zone size is conservative and 

!
esigned to accommodate low probability, worst case conditions. At any given time onJy 
bout 25 percent of the mixing zone area wilJ actualJy be utilized (have TN and TP concen
ations exceeding ASWQS). As wind, tidal, density, and other physical factors vary the 

patiaJ portion of the mixing zone being utilized will change. An even sma1ler percentage of 
he total volume of the mixing zone will be utilized at any given time. 

The size of the mixing zone is described as a water surface area and the volume of water 
~elow that area. The reason it is not completely symmetrical is accounted for by the differ
~nce in trapping and non-trapping conrutions._ When there is a density gradient present the 
plume will be trapped well below the 30 foot contour and cannot spread past the solid 
boundary on the shoreward side of the requested mixing zone. Since the plume will be 
trapped below the surface, the reef area will not be impacted by the mixing zone. When the 
I 

. ~ensity gradient is not present or extremely weak, the plume will surface but the initial dilu-
1ion will be much higher than for the case of trapping. Since the initial dilution will be high 
lhe distance required for mixing to ASWQS will be smaller and the reef area v.jl] not be 
trnpacted by the mixing zone. 
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1.3 Historical and Present Water Quality Conditions 

Historical water quality conditions are descnbed in a number of references and summarized 
in the Use Attainability and Site Specific Criteria Analysis done for the canneries: 

"Use AttaiJUJbility and Sill-Specific OireruJ Analysis, Pago Pago Harbor, American Samoa·. 
CH2M HILL, 1991. FiluJ.l report/or Star-Kist Samoa and Samoa Packing Company, March 15, 
1991. 

Table 1 is from the report referenced above and summarizes the historical water quality for . 
the various portions of Pago Pago Harbor as described in that report. Figure 2 shows the 
water quality sampling stations referred to in Table 1. 

The iniJillti.on of high strength waste segregati.on and disposal at sea has significantly wwered tM 
nutrient concentrations in the harbor. This decrease is summarized in Table 2 from data col
lected by ASEPA for August through December 1990 and by CH2M HILL in November 
1990. 

1.4 Proposed Alternate Water Quality Standards within woe of Mixing 

Applicant proposed water quality standards within the wne of mixing are described below in 
terms of water quality parameters at the end of the pipe (BOP), the edge of the rone of 
initial dilution (ZID) and at the edge of the zone of mixing. The applicant proposed stan
dards are based on existing NPDES permit requirements and the ASWQS (1989 Revision). 
The proposed water quality standards an given in Table 3. TIU! term "amhienl" as used in Tabl.e 
3 refers to the prevailing status of water quality in the harbor. This is interpreted to mean that 
tM cannery discharges ·will Ml resulJ in a .,u,1,atwn of the water quality standards for tM harbor 
at IM edge of the zone of mixing. Jn additwn the cannery discharges will not increase the levels 
(decrease light penetration) above harbor backgrou,ul (al the edge of Im zoru of mi.ring) if harbor 
waler quality standards are not being rMI as a result of other factors. Any stand~rds not specifi
cally addressed in this table are proposed to remain the same within the zone of mixing as 

1 currently described for Pago Pago Harbor in the ASWQS. 

'1.5 Supplementary Information 

The American Samoa Environmental Quality Commission (EQC) has been supplied with a 
copy of the Feasibility Study and the Use Attainability Study. A short project description 
• and Mixing Zone TM are attached to this application. It is understood that the EQC has 
copies of the other documents referenced in this application. Any additi.onal or supplementary -
i.,ifonnation retfU"SUd by the EQC wiJJ., if possibk, ~ su.ppli,ed in a timely manner by StarKist 
Samoo., SamQa Packing C.ompany, or by their consultants CH2M HIIL and Makai Ocean Engi• 
neering, as directed. 

2. CONSISTENCY WITH AMERICAN SAMOA ZONE OF MIXING POLICY 

The cannery operations at Pago Pago result in an unavoidable necessity for the discharge of 
treated wastewater into the adjacent marine waters. The technically and economically 
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T.ab.la.1 
SUMMARY OF HISTORICAL WATER QUALITY CONDITIONS 

Total Nitrogen !mg/LI Total PMsphorus (mg/l) C hlo,ophyll a tug/LI Turbidity (NTUI 
No, ol %> No. of %> No. of %> No. of %> 

S111tioo ~ G, Mun M~di9n Vajve, ~ ~ !L.Mean Median v,1ues woe • ~ G. Me1>n ~ v .. rves ~ Mo.'ln G. Meen Medion Value, ~ 

IM9Ll-!4rk2r 

11 0.507 0.386 0.430 89 75.3% o.oso 0.039 0.039 91 59.3% 8.4 3.2 4.2 69 71.0% 2.16 1.398 1.40 64 82.9% 
12 O.S32 0.423 0.493 89 79.8% 0.063 0.052 0.061 92 75.0% 12.9 4.0 5.8 68 72.1~ 2.50 1.793 1.50 63 88.9% 

1:i 0,797 0.547 0.570 90 91.1% 0. \35 0.077 O.o75 92 96.7° .. 23., l0.7 l 2.3 69 94.2°-'> 3.40 2.484 2,40 M 100.0°4 
11A 0.632 0.457 0.53S ;,a 80.8% 0.072 0.050 0.063 78 66."1°.-4, I 1.0 4,4 8. 7 61 78.7% 2,72 1.712 1.60 49 83.7% 

Al1 IH 0.617 0.449 0.502 346 81.8% 0.081 0.053 0.058 353 74.8% 13.9 s.o 7.6 2tl7 79.0'% 2.70 1.8, 3 1.60 240 89.2% 

M,d~~or 

s 0.338 0.258 0.247 90 58.8% 0.034 0.027 0.027 92 41.3% S.5 2.0 2.0 70 65.7% 1.67 1.26 1.30 63 84. 1 •,-1, 

9A 0.37e 0.287 0.295 76 63.2% 0.042 0.033 0.032 76 52.6% 6.8 2.7 3.0 60 68.7% 1.89 1.25 1.20 so 76.0% 
C 0.324 0.264 0.215 JO 53.3~ 0.028 0,025 0.023 30 30.0% 5.4 2.3 1.4 24 75.0% 0.75 0.69 0.50 21 42.9% 

10 0.262 0.217 0.220 90 5!US% 0.027 0.022 0.024 91 26.1% 3.2 1.4 1.4 70 58.6% 1,96 1.30 1.10 63 79.4% 
0-.. E 0.295 0.2&3 0.220 30 70.0% 0.027 0.025 0.0.25 30 26.7% 5.1 2.3 l.6 24 75.0% 0.62 0.80 0.60 21 14.3% 

8A 0.276 0.228 0.220 78 5s.1•.i. 0,027 0.023 0.023 78 34,6o/, 4,6 1.8 2.2 62 81.3% 1.73 1.115 1.10 50 7 2.0•,4 

A 0.305 0.234 0.195 30 46.7% 0.026 0.023 0.024 30 23.3% 3.7 1.4 0.9 24 50.0% 0.56 0.50 0.76 21 14.3°). 

8 0.244 0.203 0.218 '1.1 48.1% 0.025 0.022 0.023 27 25.9°,4 2.2 , .2 1.2 21 67.1% 0.55 0.50 0.50 18 16.7% 

All Ml4 0.307 0.244 0.227 451 57.2".4 0.031 0.025 0.025 4S5 35.2% 4.8 1.9 1.7 355 63.4% 1.60 1 01 '.00 307 63.5% 

Quu1r H2t!i!Ot 

6 o. 18• 0.161 0.160 62 22.6% 0.019 0.017 0.018 63 7.9% 1.1 0.6 0.5 48 28.3% 1.77 1.05 1.00 37 59.5% 

7 0.244 0.195 0,173 91 42.9% 0.025 0.021 0.022 92 2.1."1% 3.6 1.5 1.5 69 56.5% 1.49 1.06 1.00 64 68.8% 

8 0.278 0.223 0.216 88 51.1% 0.0.28 0.024 0.023 90 31.1% 5.J us 1.5 70 61.4% 1.58 1.08 l.10 64 67 .2"4 

0 0.245 0.205 0.175 30 43.3% 0.019 0.018 0.019 30 6.7% 2.0 1.0 1.3 24 S8.3'll. 0.63 0.58 0.70 21 38.1% 

f 0.246 0.2.21 0.220 27 51.9% 0.023 0.022 0.024 27 14.8% 5.2 1.7 1.4 21 66.7% 0.76 0.71 0.60 21 42.9% 

G 0.248 0.205 0.180 27 37.0% 0.02.2 0.020 0.022 27 14.8% 8.5 2.0 1.S 21 61.9% 0.70 0.61 0,70 21 42.9% 

All OH 0.242 0.199 0.177 325 41.5% 0.024 0.021 0.021 329 19.1"-'> 4.1 1.3 1,2 251 53.1% l .34 0.92 0.90 228 59.2% 

• % > WQC • Percent of "'eluns greater th.,, exl,tlng water quelitv criterion. 
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Table 2 
AVERAGE TN ANO TP CONCENTRATIONS 

BEFORE AND AFTER HIGH STRENGTH WASTE SEGREGATION 

STATION !TOTAL NITROGEN TOTAL PHOSPHORUS -i 
SURFACE 

13 

B~~~~E L ~sWi \ 
709 1:: ~-s~~:: 

12 693 I , ·• : : 436 . 
11 1046 j: ... · i.tQ. 

11A 1313 I: ; iffl'• 
10 461 [ .•.. : , :100:-• 
9 503 L ._ '~, 

9A 433 rt_-· 224/ 
8 383 {;, ,,,,~, 

BA 266 I :l~F 
7 201 L . _ j~4: 295 F;: ' .,. . ,238''-' l,,, :- :· - :,,.~.e, ....... ·.·::-6 

DEEP !SURFACE B!:~:E ij~, 
124 fF; o 4SAJ 
723 f .... i3@ 
863 I .. · •· .2?Q 

1os1 I .21S'. 
323 l:, 1~ 
507 tJ 168 1 

409 I 1tt<t 
280 ,.. ·j~? 
296 I . 158--; 
191 I.. 1~2 
215 F .1~0. 

BEFORE t.·.·.•·.AFT ... ·.~ ... 
HSWS f:'.' HsW$ 

~01 f· <-~ir 
94 I - :.60 
84 L 0 ~ 

113 f'.'··.•···.l.$7 
34 I ·. .,-t2i:' 
s1 r 23; 
43 l ,281 
34 r· 21: 
29 b. la, 
23 r · .20· 
28 t ~:1/ 

DEEP 
BEFORE m: .. R . .. -'1 

HSWS ··.·.•····•· ...... I 
. •'· 

106 I'' · ·· .. ,~J 
73 I S~h-
71 I .··- .. 32..., 

-"- -

94 F. ,. 42 .. 
24 I· •· '22: 
46 tr· -i.17\ 
40 I . 19,i 
29 r·•· · ... (17 
21 1 ·••·•. 17· 

21 f< 19 
23 I ;1:S, 

NOTES: ~alien tocationg au, shewn in Flqure 3. 

&for~ high stren9th wast~ seg,~ati<>n {HSWS) data are a,aerage11ofmeasuremMIG betwee., July 1989 al'ld March 1990 

Aller i1igh strength wa&1e segregation (HSWS) data are .Nerl!IJH of measurement6 between Auguit and December 1m. 
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STANDARD 

Table 3 
PROPOSED ALTERNATE WATER QUAUTY STANDARDS 

for 
REQUESTED ZONE OF MIXING 

DESCRIPTION LOCATION WHERE STAND.A.RD APPLIED; 
POD I ZID I ZOM 

Standards tor Waters Gene<ally: 
i 24.0207 (a) (1) Objectionable 

character 
NIA Me-els Meets 
{1) Existing Existing 

24.0207 (a) (2; ViSibla NIA Meets Meets 

F!oatables (1) Existing Existing 
24.0207 (a) (3 Visible NIA Meets Meets 

turbidity (1) Existing Existing 
24.0207 (a) (4; Toxic Meets Meets Meets 

Substances Existing Existing Existing 
24.0207 (a) (5~ Fecal Meets Meets Meets 

COiiform Exlslina Existing Existing 
24.0207 (a) (6'. Temperature _,., ~~~~- (2) Meets Meets 

Existing Existing 
24.0207 (a) r:r. Radioactivity Meets Meets Meets 

Existing Exi.Stlng Existing 
24.0207 (a) (Ir. Toxic (3) Meets (3) Meets Meets 

So~ances Existing Existing Existing 
24.0207 (a) {9: Cu.rents and Meets Meets Meeis 

Circulation Existing Existing Existing 
24.0207 (a) {10) Sedimentation Meets Meets Meets 

I Existing ExiSting Existing 
!24.0207 (a)(1 ·,) Sahn,ty NIA (2) Meets Meets 

Distribution (2) Existing Existing 
;24.0207 (a)(12) Residual Meets Meets Meets 

Chlotine Existing Existing Existing 
,Standards for Pago Pago Hamor: 

-'' 

:24.0207 (c) (1} I Turt>icllty ;;)~"A L: NIA} Jf: ~~:··;,' w',,it4> ~•;;.l4} ,_ - <i ~y 

124.0207 (C) (2) Total 
Phosphorus f--- . 

'~~!i~!;jtw~~,,, ::··1~:··:~~ u: 
24.0207 (c) (3) Total 

1---·····--· .. ··-·-·- . 
Nitrogen 

24.0207 (c) (4) Chl0roPhytl-a 

24.0207 (C) (5) Light 
Penetration 

24.0207 (C) (6) I DISSOived 
Oxygen 

24.0207 (C) (7) I pH Meets 

Existin9 
Meets I Meers 

NOTES: 
POD • Point er Discharge (at ctifluse, pO<t) 

zto ~ Edge of Zone ol lnltiai Dilution (equal to water depth) 

ZOM c Edge c1f Zone ol Mixing (as requested In application) 
(t) End of Dice In 180 feet of water and high initial dilution in ZID. 
(2) Oillerence at edge of ZID will be undetectable trom ambient 
(3) No toxic substances above standards have bean identified. 

Existin_g_ 

(4) Wi\1 0lf}et amb!enl al edge or ZOM. wrn not cause violation outside ot ZOM. 
(5) Slandard applied to edge ol ZIO and ZOM. 
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Exlstln_g_ 

HARBOR 

Apply 
ExlSting 

Apply 

Existing 
Apply 

Existing 

Meets 
Existing 
Meets 

Existing 
Meets 

El<isting 
Meets 

Ex!sting 
M&&ts 

Existing 
Meets 

i Existing : 

Meets 
Existing 
Meets 

Existing 
Meets 

Existing 

Apply 
Existing 

Apply 

Existing 
Apply 

Existing 
-Apply 

Existing 
Apply 

PY!stlng 

Meets 
Existing 
Meets 

Existing 



feasible alternatives for wastewater treatment and disposal have been identified and are 
being presently implemented or are proposed for implementation. Present procedures in• 
elude primary treatment by means of dissolved air flotation (DAF) with chemical precipjta
tion and high strength waste segregation. DAF sludge and high strength wastes are trans
ported to sea and dumped at a UnHed States Environmental Protection Agency (USEPA) 
permitted site. Studies have indicated that overall water quality of Pago Pago Harbor can 
be further improved by the proposed relocation of the cannery wa.stewa ter discharge closer 
to the seaward end of the harbor. 

The procedures descnbed above comprise the technically and economically feasible suite of 
activities to reduce the impacts of wastewater on the water quality of Pago Pago Harbor. 
However, it is not feasible to achieve an effluent quality that meets ASWQS at the POD. · 
Th.is application requests the American Samoa Environmental Quality Commission (EQC) to 
permit a "zone of rnixjng", based on Section 24.0208 of the 1989 Revised ASWQS, within 
which alternate water quality standards will apply. 

The principal constituents of concern are total nitrogen (Th) and total phosphorus (TP). 
The zone of mixing required for TN and TP will be sufficient to accommodate all other con
stituents and variables for which water quality standards are described for Pago Pago Har
bor. The analyses refered to in this application indicate that all applicable water quality 
standards will be met at the boundary of the zone of mixing. 

Based on the studies referenced in this application addressing alternative treatment and 
disposal alternatives, it is concluded that the creation of a zone of mixing is the only means 
of achieving compliance with ASWQS for the cannery wastewater dtscharge. All other prac
ticable means of waste treatment and disposal have been implemented and are in place. 
The smallest possible zone of mixing can be achieved by continuing the presently implement
ed waste treatment and disposal methods and construction of a new outfall with a multiport 
diffuser discharging approximately 7000 feet seaward (along the centerline) of the present 
outfaJI termination. 

3. CONSISTENCY WITH AMERICAN SAMOA ZONE OF MIXING CRITERIA 

The criteria that must be met for EQC to grant a zone of mixing have been met as demon~ 
strated by: materia1 presented in this application, supporting material submitted with this 
application, or material included with the application by means of reference and citation. 
The satisfaction of these criteria is described below. AlJ material included by reference and. 
citation is readily available. Any material included in this application by reference and cita
tion will be supplied to EQC on request. 

3.1 Public Interest 

The operation of the canneries and the improvement of water quality in Pago Pago Harbor 

t
re both clearly in the public interest. The canneries provide a significant portion of the 
conomic base of American Samoa and account for nearly 90 percent of the private sector 
mployment as described in the Use Attainability and Site-Specific Cri_teria Analysis. The 
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improvement of the water quality of the harbor is important for enhancing and encouraging 
the tourism segment of the local economy. Improved water quality in the harbor also en
hances the quality of life the citizens of American Samoa and the ecological health of the 
harbor. 

'fhe discharge of wastewater is necessary for the continued operation of the canneries. lt is 
not feasible for the cannery discharge to meet ASWQS at the point of discharge (POD). In 

~

rder for the canneries to continue operations a zone of mixing is required. Granting a zone 
f mixing for a relocated outfall will allow continued operation of the canneries as well as 
rovide a significant improvement to the present water quality st&ndares, 

3,.2 Buman Health and Safety 

e existing discharge contains no toxic or hazardous constituents and does not pose a direct 
r substantial threat to human health and safety. The primary constituents of concern are 
utrients as characterized by TN and TP. These nutrients, at elevated levels, c.an potentially 
egrade the ecology of the harbor, but do not pose a threat to human inhabitants on the 

shore. The granting of a zone of mixing, in conjunction with the relocation of the outfall and 

tdition of a diffuser, will result in more dilute effluent at the zone of initial dilution (ZID) 
d lower concentrations of nutrients throughout the harbor. No increased threat to human 
alth or safety will result. 

3:.3 Impacts of Compliance at POD 

Compliance with the water quality standards at the point of discharge would require that 
effluent concentrations be reduced by a factor of over 1000. Trus is not economically or 
technically feasible. Conformance to the standards at the POD would force the canneries to 
cease operations or modify operations in a manner that would significantly reduce their 
ebonomic benefit to American Samoa. Extension of the outfall and permitting of a mixing 
zpne will improve water quality and allow continued operation of the canneries. 

3J4 Disruption of Marine Ecology 

I 

The relocation of the point of discharge from the present inner harbor location to the outer 
hfUbor area will result in an overall reduction of effluent constituent concentrations through
out the harbor. The use of a muJtiport diffuser will result in the reduction of concentrations 
at.he edge of the ZID compared to present conditions. The location of the diffuser in 
d per water will result in the effluent plume being trapped well below the surface much of 
t . e time. All of these factors will enhance the environmental conditions in Pago Pago 

rbor. Nutrient levels will be lower. The contribution of cannery discharges to turbidity 
els, particularly in the upper layers of the water column, will be lower. The overall effect 

LI be an improvement in environmental conditions compared to the present conditions. 
e. marine ecological system throughout the harbor will not be disrupted by the 

e$tablishment of a zone of mixing as requested. 
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3.5. l Location 

The zone of mixing proposed does not extend within 500 feet of Goat Island Point a1 , 

the surface or any depth within the water column beneath the smiace. area within 500 ✓ 
feet of Goat Island Point and would be in compliance. with Section 24.0206 (c) (2) 
(C) of the ASWQS. 

3.5.2 Constituents 

The zone of mixing proposed is based on compliance with TN and TP standards. A 
zone of mixing applicable to those ~~ will be sufficient to provide for 
temperature as well. Other water quality standards will be met within the requested 
zone of mixing ( e.g. ptL fecal coliform) or will be managed by reducing nutrient 
levels throughout the harbor (e.g. light penetration, chlorophyll•a, turbidity). 

It is noted that it is difficult to relate light penetration, tubidity, or chlorophyll-a to 
nutrient discharges from the canneries. These parameters are affected by many other 
man made and natural factors. The analyses presented indicate that the relocation of 
the outfall, the use of a diffuser at depth, and the establishment of a mixing zone will 
have a beneficial impact on the levels of these parameters throughout the harbor. 

3.S.3 Alternative Within-Zone Limits 

This mixing zone applicat1on indicates the effluent POD concentrations and the edge 
of the ZID concentrations by which concentration levels can be specified for within 
the zone of mixing (Table 3). 

3.5.4 Limits for Toxic Substances 

Based on data submitted under the canneries toxic substance monitoring program (as 
an NPDES permit requirement), no toxic substance have been identified in the 
effluent and standards for such substances are not considered in this zone of mixing 
application. 

~.6 Standards Within a Zone of Mixing 

3.6.1 Color, Odor, e.nd Taste 

In the proposed location and at the proposed depth the effluent plume will be highly 
diluted and generally remain below the surface. During times of weak density 
gradient the plume may reach the surface but dilutions will increase substantially. 
These conditions will result in a situation that prevents objectionable color, odor, or 
taste in the water or in the biota within the mixing zone. 
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3.6.2 Floating Material 

The effluent is presently subjected to primary treatment and high strength waste 
segregation. The resultant sludge and high strength wastes are barged and disposed 
of outside of the harbor. In addition the plume will be submerged and/or highly 
diluted. Therefore, the mrong z.one will be substantially free of visible floating 
materials grease oil, scum, and foam. 

3.6.3 Turbidity and Sedimentation 

The conditions of the effluent plume and outfall location described above _will prevent 
the formation of visible turbidity or materials that will settle to form objectio'nable 
deposits. 

3.6.4 Toxic materials 

The effluent has no identified toxic substances. The high initial dilution of the plume 
and its trapping wen below the surface will prevent high nutrient concentrations that 
would produce undesired plankton blooms or other undesirable aquatic life. 

J. 7 ·water Quality Standards outside the Zone of Mixing 

3.7.1 Compliance with Protected and Prohibited Uses 

The proposed discharge will not violate the standards and conditions specified for 
protected use.s [24.0206 (c)J. Table 4 summarizes the impact of the project on 
protected uses and the compliance with prohibited uses. The only impacts wilJ be 
temporary inconveniences to harbor traffic during construction and potential minor 
adjustments to anchorage practices. The overall impact of the proposed outfall 
relocation, diffuser configuration, and establishment of a rone of mixing v.'ill be an 
improvement of water quality-stftflElards throughout the harbor while allowing the 
canneries to continue operations. 

3. 7.2 Compliance with Water Quality Standards 

The proposed zone of mixing will not result in a violation of the ASWQS Section 
26.0207 provisions outside the mixing zone. The net result of the outfall relocation, 
the use of a mu1tiport diffuser at depth, and the establishment of a zone of mixing 
will be an improvement of water quality standards throughout the harbor. 
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Table 4 

COMPLIANCE WITH PROTECTED AND PROHIBITED USES 
SECTION 24.0206 (c)(2)(A) AND (B) 

(A) PROTECTED USES IMPACT OF PROJECT 

I Recreational and subsistence fishing Potential improvement by 
Improved water quality 

II Boa1-launching ramps and designated (see IX below) 
mooring areas 

Ill Subsistence foo<J gathering, e.g. shell- Po1ential improvement by 
fish gathering improved water quality 

! IV Aesthetic enjoyment 

.v Whole and limited body-contact recre-
atiou, e.g. swimming, snorkeling, scuba 
diving 

I VI Support and propagation of 
marine life 

VII Industrial water supply 

VIII Mari-culture development 

IX Normal harbor aetiviti~; e.g. ship Temporary impact during 
movment...<;, docking, (un)loaoing, construction (no major inter-
marine railways, and floating drydocks ference). Minor changes in 

anchorage operations. I 
I 

X Scientific investigations Potential improvement by 
improved water quality 

(B) PROHIBITED USES COMPLIANCE 

I Dumping or discharge of solid waste In oompliance (no activity of 

II Animal pens over or adjacent to any 
this kind) 

shoreline (25.1604 ASCA) 

III Dredging aod filling .activities; except 
as approved by EQC in accordance 
with the Environmental Quality Act 
(Title 24, ASCA) 

IV Hazardous and radioactive waste 
discharges 

V Discharge of oil sludge, oil refuse, fuel 
oil, or bilge water, or any other waste 
water from any vessel or uopermined 
sboreside facility (20.1714 ASCA) 
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3.8 Additional Considerations 

3.8.1 Protected Uses 

The establishment of a zone of mixing will not adversely impact any of the 10 
protected uses for Pago Pago Harbor listed in the ASWQS. Protected uses will be 
maintained (Table 4). The establishment of a mixing zone as describe in this 
application will improve water quality conditions and therefore improve 
environmental conditions for most of the protected uses specified for Pago Pago 
Harbor. 

3.8.2 Existing Conditions 

The establishment of a zone of mixing will have short and long term beneficial 
impacts on existing conditions because of improved water quality (improved nutrient 
concentrations) throughout the harbor. " 

3.8.3 Character of the Effluent 

The effluent at POD will be essentially the same as it is now. The effluent plume will 
be more dilute at the edge of the ZID. The effluent plume will meet water quaLity 
standards at the edge of the zone of mixing. The effluent is not toxic and its primary 
characteristic is high TN and TP concentrations. 

3.8.4 Outfall and Diffuser Design 

The outfall design parameters important to final water quality considerations are 
location and diffuser configuration. The location cif the outfall and general 
configuration of the diffuser resulted from the Feasibility Study of alternative 
locations and configurations. A fmal analysis of the joint cannery outfall location and 
diffuser configuration is provided in the supporting technical memorandum attached 
to this application. 

3.8.S Other Policies, Plans, Agencies 

Section 7 coordination with USFWS and NMFS has been initiated Section 106 
coordination with the Territorial Archaeologist bas been initiated. The American 
Samoa Coastal Management Program, the American Samoa Environmental 
Protection Agency, the Environmental Quality Com.m1ssion, the U.S. Environmental 
Protection Agency, and the U.S. Corps of Engineers are being consulted and 
appropriate permits are being applied for. The Review Agencies of the Project 
Notification and Review System have provided guidance in the perntitting 
requirements for the construction and use of the outfall and in obtaining approval for 
the mixing zone. No other policies, plans, or agencies have been identified with 
direct substantial interest in this application. 
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4. CONSISTENCY WITH APPLICATION PROCEDURES FOR MIXING ZONE 

The ASWQS (Sectfon 24.0208) describes the procedures required to apply for a zone of 
qtixing. This application has complied with those requirements and recognizes the 
restrictfons on the requested zone of mixing stated in Section 24.0208. In addition this 
application complies with the requirements of the Project Notification and Review System as 
stated in a Jetter dated 27 December. 1990 (Lelei Peau to David Simpson). 

4rl Required Description 

8Fction 1 of this application contains a description of the historical and present water quality 
<:fnditions. The comparison of present conditions is made by reference to the Use 
Attainability and Site-Specific Criteria Analysis. The proposed alternate water quality 
standards, including a description of the requested mixing zonet are contained in Section 1 of 
this applicationt the attached Mixing Zone Technical Memorandum, and other referenced 
dbcuments. 

4J2 Supporting [nfonnation 

The intent of this application is to supply, directly or by reference, all information required 
to review and act on the request for a mixing zone. Additional data required will be 
ptovided on request. 

4~ Conditions on the Zone of Mixing 

This application for a zone of mixing is made with the understanding that the requirements 
and time periods of Section 24.0208 (c) (3) wiH apply: 

4.3.1 Grounds for Granting a Mixing Zone 

This application for a mixing zone is based on the grounds that it is technically and 
economically not feasible to otherwise conform to water quality standards in Pago 
Pago Harbor. A thorough review of the known and available means of otherwise 
conforming to the water quality standards has been made as described in the 
Feasibility Study, the Wasteload Allocation Study, the Joint Cannery Studies, and the 
Wastewater Treatment Evaluatjon Study. The first two of these studies are 
referenced above. The latter are: 

"Joim Study of Fish Cannery Was~ater Effluent Loading ReduCIWII at Pago Pago 
Haroor, American Samoa•. CH2M HILL, 1984. Draft Phase l Repon 10 American. 
Samoa Govemmenl, Ralston Purina Compa1f}', and StarKist Foods, Inc., November 
1984. 

"Joint Scudy of Fish Cannery Wastewater Effl.uent Loading Reduction at Pago Pago 
Harbor, American Samoa". CH2M HILL, 1987. Draft Phase 2 Report lO .A.mericnn 
Samoa Government, Ralston Purina Ccmpany, and StarKist Foods, Inc., June 1987. 

"Wa.;tewaJer Treatment System faaluation". CH2M HILL, 1991. Report to Samoa? 
Packing Comparry, June 1991. - - - ·· · •···· · • 
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Theses studies indicate that high strength waste segregation and outfall relocation 
with a multiport diffuser are the most feasible and practical ways of reducing the 
impact of cannery discharge on water quality. High strength waste segregation has 
been instituted and this mixing zone application is in conjunction with the outfall 
relocation. 

4.3.2 Period or Zone of Mixing Permit 

It is understood that the permit for the zone of mixing will be concurrent with an 
NPDES permit and be for a period of five years, unless a longer perm.it is granted .. 

4.3.3 Sampling and Testing 

It is understood that EQC will require effluent and receiving water sampling and 
testing and other requirements may be specified as a condition of the zone of mixing . 
permit. 

4.3.4 Renewal of the Zone of Mixing 

It is understood that the wne of rni.ung may be renewed if aU conditions of the 
previous zone of mixing have been met, an application for renewal is filed, and such 
application is made at least 120 days prior to the expiration of the current zone of 
mixing permit. 

4.3.S Conditions for Termination 

It is understood that the zone of mixing may be terminated, after a hearing held by 
EQC, for the reasons and under the conditions described in ASWQS Section 24.0208 
(c) (3) (E). 

4.3.6 Expiration 

It is understood that the zone of mixing shaU terminate at the end of the period 
stated for the zone of mixing unless a renewal application has been made. If a 
renewal application is made the zone of mixing will continue until the renewal has 
been approved or denied. 

4.3.7 Compliance with Zone of Mixing Conditioos 

It is understood that compliance with the zone of mixing conditions will include the 
condition that water quality standards in the adjacent waters will be met under the 
worst case receiving-water rrtix:ing and transport conditions. The zone of mixing 
proposed in Section 1 above was determined under worst case conditions. 
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4.3.8 Impacts to Coral Reef 

The wn! of mixing was designed to prevent impacts to the coral reef areas as 
described in Section 1 above, the attachments to this applicatjon, and the material 
referenced in this application. 

4.3.9 Te_nporary Withdrawal 

It is understood that in an emergency the zone of mixing can be temporarily 
withdrawn. It is requested that the procedures to be used in such an emergency be 
specified in the zone of mixing permit. 

4.3.10 USEPA Approval 

This zone of mixing application is being sent to the USEPA, Region IX, Office of 
Pacific Island and Native American Programs, concurrent with submission to EQC. 
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A TI ACHM:ENT 1 

SHORT PROJECT DESCRIPTION 

A more detailed project description and be found in the 
Draft EuvironmentaJ Impact Assessment for Joint Cannery Outfall Project, 

Pago Pago Harbor, American Samoa (CH2M HILL, August 1991) 



MEMORANDUM 

TO: File 

COPIES: Norman Wei/Starkist Seafood Company 
James Cox!Van Camp Seafood C.Ompany 
Andrew Resnick/Makai Ocean Engineering 
Sheila Wiegman/ASEPA 

F1ROM: Steve Costa/CH2M HILL 

DATE: July 15, 1991 
(Figures 2, 3 and 4 revised 7 August 1991) 

SJJBJECT: Brief Description of Joint Cannery Outfall Project 

PROJECT: PDX..10702.PA 

JOINT CANNERY OUTFALL PROJECT DESCRIPTION 

CHMH!ll 

The proposed joint cannery outfaU replaces two existing outfalls for StarK.ist Samoa, lnc. and 
Samoa Packing Company located in Pago Pago Harbor, American Samoa (Figure 1). The 
jomt cannery outfall diffuser will be located approximately 7,000 feet seaward from the existing 
outfalls. The proposed outfall pipeline is a 16-inch diameter high density polyethylene pipe 
.that would carry wastewater from the cannery operations. The proposed pipeline route is 
indicated on Figure 2. A more detailed description and analysis of the pipeline route and 
a*ernatives is included in the Environmental Impact Assessment for the project. The outfaJl 
pi eline wiU originate on land at the same location as the existing cannery outfalls. The can
n ry pumping stations will be retrofitted or replaced to accommodate the longer outfall pipe
line. 

The proposed pipeline will be attached to an existing dock and enter the harbor at the termi
nus of the dock fronting the canneries (Figure 3). The pipeline will be placed on the bottom 
of the harbor from a barge. No trenching or burial will be done. Where the pipeline crosses 
the entrance to the Trading Point cove, in water depths of 40 to 65 feet, it will be covered 
wilh pre-cast concrete sections or tremie poured concrete into preset forms for protection 
from boat anchors. 

From Trading Point seaward the pipeline will be placed approximately parallel to the coral 
retf in water depths between 65 and 180 feet. The pipeline will follow along the coral reef 
easterly between Trading Point and the Pago Pago Harbor navigation range line (Figure 2). 
The pipeline v.•ill then approximately follow the harbor navigation range line until reaching the 
dififuser area between Ava Point and Anasosopo Point. 



Costa to File 
Page 2 I 15 July 91 (revised 7 Aug 91) 
PDX30702.PA 

~e pipeline will terminate offshore of the coral reef in about 180 feet of water. The diffuser 
~iU be located east of the Pago Pago navigation range line to avoid interference with an an
chorage designated by the harbor master. The diffuser will have 4-inch to 6-inch diameter 
Piortst spaced between 35 to 50 feet apart An example of the diffuser structure is shown on 
JTigure 4. The precise number of ports will be determined in the final mixing zone analysis for 
t~e project. 

The pipeline will be anchored to the bottom in some locations with an anchoring pin system 
secured by chains or other mechanical attachments to facilitate laying the pipe at the correct 
depth and angle. Along steep relief portions of the pipeline alignment anchor pins will be 
attached to the coral by the use of holes drilled into the coral. Epoxy will be injected into the 
holes to secure the anchor pin positioning. Anchoring will also be necessary at bends in the 
Piipeline route such as in the area where the pipeline turns south near the Harbor navigation 
range line. 

The pipeline construction will require the use of about two acres of land for mobilization and 
s,aging activity. Land availability is limited along the shoreline of Pago Pago Harbor. The 
construction is expected to take 3 to 4 months. A construction staging area is proposed in a 
limited portion of Pago Pago Park near Malaeoletalu Field. The flat open area located next 
to Laolao Stream and Pago Pago Harbor (Figure 5) would meet mobilization and staging 
requirements. 

~obilization activity ·will involve the transport of pipe materials, collar weights, and welding 
eguipment to the site. Truck access through the park will be required and existing roads will 
~ used whenever possible. After completion of the mobilization activity the park grounds will 
be returned to original condition and re-vegetated as necessary. Minor grading may be re
qµired in preparation of the site but soi] loss will not present a problem. · All construction 
~aterials will be removed at the time of project completion. 

during construction staging the 40-foot pipe sectjons would be joined into longer sections and 
collar weights installed. The land-side mobilization will maximize the length of the pipe sec
tipns. The long pipe sections could then be pulled into the water using a temporary ramp to 
protect and traverse the shoreline. The long pipe sections may be stored in the water on a 
temporary basis while awaiting placement. The pipe sections would be flooded for sinking and 
either joined up from a boat or on the bottom by divers. 
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AITACHMENT2 

TECHNICAL MEMORANDUM 
SJTE.SPECIFIC MIXING ZONE DETERMINATION FOR 

THE JOINT CANNERY OUTFALL PROJECT 
PAGO PAGO HARBOR, AMERICAN SAMOA 

(This memorandum will be forwarded separately by 19 August 1991) 

The purpose of this techrucal memorandum is to provide technical documentation for the 
Ui)ne of mixing application for the joint cannery outfall. The technical approach and 
preliminary analyses were done for the Engineering and Environmental Feasibility Evahuitum 
of Waste Disposal Altematives (CH2M HILL 1991). This technical memorandum presents a 
rdv:iew the methodology developed during the Feasibility Study and addresses additional 
it~formation and model results that were developed for the discharge location and diffuser 
configuration selected during final design. The dimensions and location of the mixing zone 
ate substantially the same as d~scribed in the Feasibility Study report. 
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ATIAcmIENT2 

TECHNICAL MEMORANDUM 
SITE.SPECIFIC MIXING WNE DE-TERMINATION FOR 

THE JOINT CANNERY OUTFALL PROJECT 
PAGO PAGO R.\.RBOR, AMERICAN SAMOA 

(This memorandum will be forwarded separately by 19 August 1991) 

E
e purpose of trus technical memorandum is to provide technical documentation for the 
ne of mixing application for the joint cannery outfall. The te-ehnical approach and 
eliminary analyses were done for the Engineering and Environmemal Feasibility Evaluation 

of Waste Disposal Altemarives (CH2M HILL 1991). This technical memorandum presents a 
review the methodology developed during the Feasibility Study and addresses additional 
ID.formation and model results that were developed for the discharge location and diffuser 
configuration selected during final design. The dimensions and location or the mixing zone 
~re substantially the same as described in the Feasibility Study report. 
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StarKa"'st Seafood Company 

All Alhlia!e ol HJ Hemz Company 

tfrt'D 

June 26, 1991 

~o whom it may concern: 

180 Easl Ocean Boulevard 
Long Beach, Cahtornia 90802-4797 
Te1epnone 213-590-9900 

bn behalf of StarKist Samoa, Inc. I hereby designate and authorize 
CH2M HILL, and CH2M HILL' s project manager STEVEN L. COSTA, to 
bubmit permit applications for the American Samoa Joint cannery 
butfall project and to furnish supplemental infonnation in support 
of the application. 

5)/Jlrely, (} / . 
;ff~;;:11-/~ 

~orman Wei 
~enior Manager 
Environmental Engineering 
StarKist Seafood Company 
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VANCAMP 
SEAFOOD 
COMPANY, INC. 

June 26, 1991 

RECEIVED 
JUL - l 1991 

CH2M-HILL 
SAN FRANCISCO 

TO WHOM IT MAY CONCERN: 

On behalf of Samoa Packing Company, I hereby designate 
and authorize CH2M HILL, and CH2M HILL's project manager 
STEVEN L. COSTA, to submit permit applications for the American 
Samoa Joint Cannery outfall project and to furnish supple~ental 
information in support of the application. 

Sincerely, 

9-o~/4:· 
James L. Cox, Director 
Engineering and Environmental Affairs 

JLC:ms 

~,10 execulive Driv11. Suite 300 San Diego. CA 92121·3029 
Pnone. (0191 65-9-9662 FAX: (819) ~7• 232 



Attachment 5 
Site-specific Zone of Mixing Determination 

for the Joint Cannery outfall Project, 
Pago Pago Harbor, American Samoa - 1991 
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®- Engineers 
- Planners 
c-::Mt:1111 Economists 

- Scientists 

August 30, 1991 

PDX30702.PAMZ 

Dyke Coleman, Chairman 
American Samoa Environmental Quality Commission 
American Samoa Government 
Pago Pago, American Samoa 96799 

Subject: Supporting Documentation for the Joint Cannery Outfall Zone of Mixing Application 

Dear Mr. Coleman: 

Enclosed is a Technical Memorandum "SITE-SPECIFIC ZONE OF MIXING DETERMINATION FOR THE JOINT 
CANNERY OUTFALL PROJECT, PAGO PAGO HARBOR, AMERICAN SAMOA" which is intended as an attach
ment to the application for a zone of mixing in Pago Pago Harbor for the proposed Joint Cannery Outfall. The 
application was sent to you on August 8, 1991. 

The main points of the overall technical approach are given in the Feasibility Study referred to in the zone of mixing 
application. The Technical Memorandum extends this work to a specific location. During the course of outfall de
sign there were changes in the exact location of the diffuser, the discharge depth, the exact diffuser port dimensions, 
and the discharge angle which required some minor recalculations and additional model simulations to complete the 
Technical Memorandum and to maintain consistency between all of the project documents. We submitted the main 
body of the application without this Technical memorandum attachment in order to facilitate rapid review of the 
project. 

We have been coordinating the permitting activities for this project with Sheila Wiegman of your office. A short 
project description was attached to the application. Detailed engineering drawings of the outfall were prepared by 
Makai Ocean Engineering an are provided in the Draft Environmental Impact Assessment (DEJA) prepared for this 
project. Copies of the DEJA were sent to your office in early August. 

Copies of the application for the zone of mixing and this Technical Memorandum have been forwarded to Norman 
Lovelace of the USEP A If you or your staff need any additional information please call me at your convenience. If 
I am not at my desk you can leave a message on my voice mail at (415) 652-8149 extension 2251. 

Sincerely, 

CH2M HILL 

~~~ 
Steven L. Costa 
Project Manager 
Enclosure 
cc: Sheila Wiegman/ASEPA 

Norman Lovelace/USEP A 
Pat Young/USEPA 
Norman Wei/StarKist Seafood 
James Cox/Van Camp Seafood 

CH2M HILL San Francisco Office 6425 Christie Avenue, Suite 500 
Emeryville, CA 94608 

415 652.2426 
Fax 415.652.0482 
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TECHNICAL M E M O R A N D U M 

TO: 

COPIES: 

FROM: 

DATE:. 

File 

Dyke Coleman/ASEQC 
Sheila Wiegman/ASEPA 
Norman Lovelace/USEPA 
Pat Young/USEPA 
Norman Wei/StarKist Seafood 
James Cox/Van Camp Seafood 

Steve Costa/CH2M HILL/SFO 

August 26 1991 

SUBJECT: SITE-SPECIFIC ZONE OF MIXING DETERMINATION FOR 
THE JOINT CANNERY OUTFALL PROJECT: 
PAGO PAGO HARBOR, AMERICAN SAMOA 

PROJECT: PDX30702.PA.MZ 

PURPOSE 

CHMHILL 

StarKist Samoa and Samoa Packing Company discharge treated waste
water from tuna cannery operations into the inner part of Pago 
Pago Harbor. The canneries are proposing to replace the existing 
outfalls with a single, jointly operated, outfall extending into 
the outer portion of the harbor. However, a zone of mixing will 
be required since water quality standards can not be met at the 
point of discharge. The purpose of this memorandum is to provide 
technical documentation for the zone of mixing application for the 
joint cannery outfall. 

The development of the technical approach and preliminary analyses 
were done for the Engineering and Environmental Feasibility Eval
uation of Waste Disposal Alternatives (CH2M HILL 1991) which will 
be referred to as the Feasibility Study below. This technical 
memorandum follows the methodology developed during the Feasibili
ty Study and addresses additional information and model results 
for the discharge location and diffuser configuration selected 
during final design. The dimensions and location of the zone of 
mixing are substantially the same as described in the Feasibility 
study report. 

APPROACH AND SCOPE 

The approach used in developing the final configuration of the 
zone of mixing includes the following elements: 

[ 1 J Review and summarize the effluent characteristics of 
both canneries and determine the anticipated range of varia
tion of the characteristics of concern for defining the zone 
of mixing. 
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.TECBHICAL MEMORANDUM 
Costa to File 
26 August 1991 
PDJ:30702.PA.MZ 

[2] Develop and recommended final diffuser configuration 
based on: the preliminary analysis done for the Feasibility 
study, the effluent characteristics, and the location, depth, 
and other constraints imposed by the final outfall design. 
The final outfall design was conducted by Makai Ocean Engi
neering, Inc. The selection of final diffuser configuration 
was an iterative process involving predicted diffuser perfor
mance, engineering design considerations, and environmental 
criteria. 

[3] Predict initial dilution of the final diffuser configu
ration for the range of effluent and receiving water condi
tions anticipated. 

[4] Predict the ambient concentrations of total phosphorus 
(TP) and total nitrogen (TN) throughout the harbor based on 
TN and TP loadings of the cannery effluent. 

[5] Use the effluent concentrations, the initial dilution 
predictions for the final design, and the predicted ambient 
concentrations to predict the required size and geometry of 
the zone of mixing. 

A more complete description of the approach and the models used is 
provided in the Feasibility Study and the Appendices to the 
Feasibility Study. The scope of this technical memorandum 
involves an extension of the modeling, analysis, and predictions 
done for the Feasibility Study. 

EFFLUENT CHARACTERISTICS 

The effluent characteristics of primary concern in defining the 
dimensions of the zone of mixing are the effluent flow rates, ef
fluent density, and the concentrations and loadings of TN and TP. 
The establishment of a zone of mixing for TN and TP will be suffi
cient to provide for other water quality characteristics such as 
temperature. The effluent characteristics used to develop the 
necessary zone of mixing geometry are based on the time period 
after high strength waste segregation was started (August 1990). 
The flow, concentration, and loading data used below are represen
tative of times of product processing. 

EFFLUENT DISCHARGE RATES 

Discharge rates used in the zone of mixing analysis were based on 
flows recorded during the twice weekly sampling conducted by the 
canneries. The period of record for StarKist Samoa (SKS) was from 
August 8, 1990 through May 13, 1991, and for Samoa Packing Co. 

-2-
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(SPC) from August 6, 1990 through March 27, 1991. Cumulative fre
quency distributions were constructed for these records and are 
presented in Table 1. The median flows were 1.83 million gallons 
per day {mgd) for SKS and 0.56 mgd for SPC. The average flows for 
SKS and SPC, for the period of record, were 1.78 and 0.58 mgd, 
respectively. The anticipated future flow maximum for SKS and SPC 

·1 combined is estimated to be 4. 8 mgd. 
\ 
J 
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Table 1 
FREQUENCY DISTRIBUTION OF EFFLUENT DISCHARGE RATES 

Cumulative Frequency: Effluent Discharge Rate (mgd) 
Percent of Time Flow 
is Equal to .or Less StarKist Samoa Samoa Packing Co. 

Than Tabulated Value 

1 1.04 0.37 

5 1.27 0.44 

10 1. 41 0.45 

25 1.63 0.51 

50 1.83 0.56 

75 1.95 0.64 

90 2.00 0.71 

95 2.10 0.76 

100 2.61 0.79 

EFFLUENT DENSITY 

The difference in density between the effluent and the receiving 
waters is an important parameter in determining the initial dilu
tion and the trapping level of the effluent plume. The effluent 
density depends on the temperature and salinity of the effluent. 
The temperature range of the effluent from both canneries is lim
ited to a few degrees and does not have a large effect on effluent 
density. This range is between 85 and 90 degrees F. 

The salinity varies due to the use of sea water by SKS. The 
amount of sea water used has been approximately 60 percent of the 
total effluent stream. Approximately 0.6 mgd of seawater is used 
by SKS for thawing and the remainder has been used for cooling 

-3-
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purposes. It is anticipated that about 0.6 mgd of sea water will 
be used by SKS in the future. 

EFFLUENT TN AND TP LOADINGS 

TN and TP loadings (pounds per day) and concentrations (mg/1) used 
in the zone of mixing analysis were based on samples analyzed for 
the twice weekly sampling conducted by the canneries. The period 
of reqord for SKS data was from August 8, 1990 through March 29, 
1991 and includes 64 samples. The period of record available for 
SPC data was from August 6, 1990 through March 27, 1991 and in
cludes 69 samples. Cumulative frequency distributions were con
structed for both TN and TP loadings and are presented in Table 2. 

The median loadings for TP were 127 lbs/day for SKS and 153 
lbs/day for SPC. The average TP loadings for SKS and SPC, for the 
period of record, were 134 and 160 lbs/day, respectively. The an
ticipated future maximum TP loading for SKS and SPC combined is 
approximately 600 lbs/day. 

Table 2 
FREQUENCY DISTRIBUTION OF TN AND TP LOADINGS 

Cumulative Frequency: TP LOADINGS TN LOADINGS 
Percent of Time Loading is (lbs/day) (lbs/day) 

Equal to or Less Than 
Tabulated Value SKS SPC SKS SPC 

1 40 77 445 136 

5 48 103 566 306 

10 55 119 683 334 

25 79 130 851 411 

50 127 153 1020 477 

75 171 188 1228 570 

90 230 208 1427 673 

95 257 225 1720 772 

100 312 267 1925 1052 

-4-



r.:=j .. 
~ ·_ 

r· J 

'.'I 
! 

' I 

J 
; ] 

l j 

u 

.J 

TECHNICAL MEMORANDUM 
Costa to File 
26 August 1991 
PDJ:30702.PA.MZ 

The median loadings for TN were 1020 lbs/day for SKS and 4 77 
lbs/day for SPC. The average TN loadings for SKS and SPC, for the 
period of record, were 1061 and 506 lbs/day, respectively. The 
anticipated future maximum TN loading for SKS and SPC combined is 
approximately 3500 to 4000 lbs/day. 

EFFLUENT TN AND TP CONCENTRATIONS 

TN and TP concentrations used in the zone of mixing analysis were 
based- on the same samples and periods of record as the loadings 
discussed above. Cumulative frequency distributions were con
structed for both TN and TP concentrations and are presented in 
Table 3. 

The median concentrations for TP were 8 mg/1 for SKS and 34 mg/1 
for SPC. The average TP concentrations for SKS and SPC, for the 
period of record, were 9 and 33 mg/1, respectively. 

The median concentrations for TN were 66 mg/1 for SKS and 104 mg/1 
for SPC. The average TN concentrations for SKS a~d SPC, for the 
period of record, were 69 and 104 mg/1, respectively. 

Table 3 
FREQUENCY DISTRIBUTION OF TN AND TP CONCENTRATIONS 

Cumulative Frequency: TP CONCENTRATION TN CONCENTRA-
Percent of Time (mg/ 1) TION 

Concentration is Equal to (mg/ 1) 
or Less Than Tabulated 

Value SKS SPC SKS SPC 

1 2 17 32 28 

5 3 20 35 67 

10 4 23 46 77 

25 6 29 55 85 

50 8 34 66 104 

75 11 38 79 121 

90 14 42 90 140 

95 16 43 114 146 

100 20 48 125 183 

-5-



, l 
] 

: -l 

Fl L 

n 
~l 

~ l 

u 
u 

L j 

:. j 

.J 

TECHNICAL MEMORANDUM 
Costa to File 
26 August 1991 
PDJ'.30702.PA.MZ 

DIPl'USBR CODIGURATIOB 

Preliminary diffuser configuration and performance for a range of 
potential conditions and locations were investigated for the Fea
sibility study. The results of the Feasibility study indicated a 
general location for the diffuser. The final design of the 
outfall fixed a more precise location and other parameters such as 
pipe size and water depth. The selection of a final diffuser con
figuration was based on desired performance, design criteria for 
the outfall, and location in the harbor. 

The important elements of the diffuser configuration include: num
ber of ports, port diameter, port spacing, and port orientation. 
Each of these parameters is first discussed below in general 
terms. More specific and detailed development of the selected 
configuration follows the general discussion. 

GENERAL CONSIDERATIONS 

Port orientation is important for a variety of reasons but is not 
considered in detail for this diffuser because: [1] port spacing 
is set to minimize individual plume merging, [2] current direc
tions are not well known and diffuser configuration and initial 
dilution predictions were generally based on the zero current, 
worst case, assumption, and [3] the depth of the diffuser insures 
trapping well below the surface. General practice for best per
formance is to set the ports to discharge close to horizontally, 
sequentially alternating sides on the diffuser pipe, and to set 
them normal to the diffuser axis. This was the approach used for 
the port arrangement. 

Closely spaced ports minimize diffuser length and thus materials 
and construction costs. However, closely spaced ports may result 
in merging of individual plumes and result in lower initial dilu
tions than would be achieved for larger port spacings. The pro
cedure followed below was to fix port spacing to minimize merging. 

Port size and number of ports effect initial dilution primarily by 
controlling effluent volume flow and velocity from each port. 
Higher velocities and lower volumes increase, in general, initial 
dilution. There are practical limits on size and numbers of ports 
including head loss, constructibility, and maintenance consider
ations. Based on experience with outfalls and diffusers, there 
are some general ground rules that can be applied for preliminary 
diffuser configuration development. These general guidelines in
clude: 

-6-
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• Total port area should be between 1/3 and 2/3 of the 
area of the outfall pipe. 

• Port velocities vary from 6 to 15 feet per second. 

• Densimetric Froude Numbers are generally in the range of 
15 to 30, with peaks no higher than 40 to 50. 

• Port diameters are usually in the range of 3 to 9 inch
es. 

The nominal diameter of the outfall pipe is 16 inches correspond
ing to a cross-sectional area of approximately 201 square inches. 
The number of ports of a given diameter should be in the range 
shown in Table 4 in the columns for minimum and maximu~ number of 
ports. Table 4 also indicates the port discharge velocities cor
responding to the port diameters and numbers tabulated, for a rep
resentative range of total effluent flow rates. The data present
ed in Table 4 are interpreted as follows: 

• 

• 

• 

The total flows of 0. 37 and 1. 41 mgd are the minimum 
flows for SPC (lowest single cannery flow) and for SPC 
plus SKS (lowest combined flow), respectively (see Table 
1). This range of flows represents low flow conditions 
and the generally accepted criteria is that the 
Densimetric Froude Number associated with the flows 
should remain above 1 or 2. This will be discussed fur
ther below. 

The flow rate of 3.4 mgd is the combination of the max
imum flow rates for both canneries. It represents a 
condition of very low probability under present opera
tional practices at the canneries. This flow should be 
result in a Densimetric Froude Number of less than 40 to 
50 (discussed further below) and should not result in 
velocities of over about 20 to 25 ft/sec through the 
ports. The latter condition is not a constraint as in
dicated in Table 4. 

The flow rate of 2.39 mgd is the combined median flows 
for both canneries. This value is taken as the design 
flow for the purposes of this discussion. The shaded 
portions of Table 4 highlight conditions where the ve
locity is between 6 and 15 ft/sec. The shaded entries 
indicate that the entire range of port sizes considered 
can accommodate the design flow rate and also meet the 
port-to-pipe area ratio criteria. 
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Table4 
PORT CONFIGURATION CHARACTERISTICS 

PORT 
AREA 
_{_sq.irtl 

7.07 

NUMBER TOTAL PORT 
OF PORTS FLOW VELOCITY 
{mLnill!um) (mgd) (ft/sec) 

NUMBER LTOTAL J PORT 
OF PORTS FLOW VELO.CITY 
(maximum) (mgd) _Jft/_secJ 

iililr 

9 0.37 1.30 19 0.37 0.61 
1.41 4.94 @: 1.41 2.34 

,, !:!~ 11111 !:!~ BBm 
12.57 1)::::: 5 0.37 1.31 ::::: 11 0.37 0.60 

, 5 , 19.6J 3 f ~~ -,t~ 7 rn rn 
6 

7 38.48 ut 2 0.37 1.07 3 0.37 0.71 
1.41 · 4.08 1.41 2.72 

~:!~ :1
11!\ii!ilj: ~:!~ ii:i~:::: 

8 50.27 1 0.37 1.64 3 0.37 0.55 
j 1.41 :!i!~< 1.41 2.08 

••••· ~:!~ y:::\lil~~: ~:!~ ~:~~ It----9-+-1--s3-_s_2__,li 1 o.37 1.30 : 2 o.37 o.s5 

10 78.54 

11 95.03 

12 113.10 

1 

1 

1.41 4.94 

2.39 •: ::t::::!;1: 
3.40 0IBW4J>~rn: 
0.37 1.05 
1.41 4.00 
2.39 :<::a11:a 
3.40 JIQ)ijs: 
0.37 0.87 

2 

1 

1.41 2.47 
2.39 4.19 
3.40 ::::::=:::::::::ssiss:: 
0.37 
1.41 
2.39 
3.40 
0.37 

0.52 
2.00 
3.39 
4.82 
0.87 

1.41 3.31 ••••·• 1.41 3.31 

~:!~ \i!'.!lJi~~,jl~•····· ~:!~ .,__ ___ ,__ ___ ~~--------
1 0.37 0.73 1 0.37 

1.41 1.41 
2.39 2.39 
3,40 l/i/i?ii.:t:id 3.40 
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• Unusually large port areas (10 to 12 inches in diameter) 
are included in Table 4 for comparison purposes. These 
large ports would be less expensive to construct, result 
in lower operating costs because of lower head losses, 
and have lower potential maintenance problems. 

Densimetric Froude Numbers are given in Table 5 for extremes in 
receiving water conditions and for the range of effluent flow 
rates_ and densities anticipated. Densimetric Froude Number 
depends on receiving water density, effluent density, port diame
ter, and port discharge velocity. The range of ambient densities 
is estimated to be between 1.0227 and 1.0234 grams per cubic cen
timeter. The range of effluent densities is estimated between 
0.9550 and 1.0011 g/cc. For these conditions, and the range of 
port diameters used in Table 4, the velocities associated with 
Froude Numbers of 2, 15, 30, and 50 were calculated and presented 
in Table 5. The interpretations of the results given in Table 5 
are as follows: 

• 

• 

• 

In outfalls with large variations in flows there is the 
potential for sea water intrusion at flows well below 
design conditions. Froude Numbers should remain above 1 
or 2 (or possibly higher) to avoid sea water recircula
tion in the outfall. Long periods of such conditions 
can lead to sediment accumulation in the outfall and 
biofouling of the diffuser ports. To avoid this problem 
the velocity given in Table 5 for Fr= 2 should be equal 
to or lower than the velocities given for the minimum 
flows of Table 4. Examination of these data indicates 
that the use of ports larger than 9 inches in diameter 
may lead to problems associated with sea water intru
sion . 

Maximum flows should result in a Froude Number of less 
than about 40 to 50. Examination of the velocities pre
dicted for Fr= 50 in Table 5 and conditions for maximum 
flow rates indicates that maximum anticipated flows 
through the appropriate number of ports will not exceed 
30 and the maximum condition is not a problem in 
diffuser configuration design. 

The criteria that flows should result in Froude Numbers 
between 15 and 30 means that velocities given in Table 4 
should be above the velocities for Fr= 15 in Table 5. 
This condition is met for port diameters between 3 and 
slightly less than 6 inches as indicated by the shaded 
areas of table 5. In all cases the number of ports 
would have to be less than the maximum number listed to 
meet the Fr=> 15 criteria. 
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Table 5 
PORT DYNAMICS CHARACTERISTICS 

Fr = Densimetric Froude Number 

PORT 
p1AMETER 

(inches) 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Fr= 2 
0.94 
1.09 
1.22 
1.34 
1.44 
1.54 
1.64 
1.72 
1.81 
1.89 
0.82 
0.95 
1.06 
1.17 
1.26 
1.35 
1.43 
1.50 
1.58 
1.65 

PORT VELOCITY 
(ft/sec) 

Fr= 15 

-10.02 
10.82 
11.57 
12.27 
12.93 
13.56 
14.17 

1111 
8.74 
9.44 

10.09 
10.70 
11.28 
11.83 
12.36 

Fr=30 
14.17 
16.36 
18.29 
20.03 
21.64 
23.13 
24.54 
25.87 
27.13 
28.33 
12.36 
14.27 
15.96 
17.48 
18.88 
20.18 
21.41 
22.57 
23.67 
24.72 
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Fr= 50 
23.61 
27.26 
30.48 
33.39 
36.07 
38.56 
40.90 
43.11 
45.21 
47.22 
20.60 
23.79 
26.59 
29.13 
31.47 
33.64 
35.68 
37.61 
39.45 
41.20 
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Based on general criteria derived from experience with outfall 
systems as reported in the engineering literature, and the desire 
to use the largest ports possible, the 5 to 6-inch port configu
rations appear to be the most desirable. Smaller ports generally 
result in higher initial dilutions and thus would require a small
er zone of mixing. However, using larger ports is particularly 
important for this case since the diffuser will be in deep water 
(nearly 180 feet) and the cost associated with clogged or plugged 
ports could be substantial. To further assist in selecting a fi
nal d-iffuser configuration that balances these two conflicting 
objectives, sensitivity studies for initial dilution performance 
were done as described below. 

DIFFUSER PERFORMANCE SENSITIVITY 

The sensitivity of diffuser performance (initial dilution and 
trapping depth) to environmental parameters, effluent character
istics, and diffuser configuration was investigated to aid in fi
nal diffuser configuration selection. The model UDKHDEN, which is 
described in more detail in the Feasibility Study, was used for 
the sensitivity analysis. The models UDKHDEN and UMERGE were both 
used for the Feasibility Study. However, UDKHDEN is considered 
more sensitive to changes in receiving water and effluent charac
teristics and was the only model used for developing the sensitiv
ity analysis presented here. 

The sensitivity analysis considers two receiving water conditions: 
a stronger density gradient representative of trade wind condi
tions and a weaker density gradient representative of non-trade 
wind conditions. These density gradients were developed from 
available data from stations close to the proposed diffuser loca
tion. The density gradients used are given in Table 6. 

The analysis presented below generally considers a discharge depth 
of 160 feet, port sizes of between 4 to 8 inches, number of ports 
equivalent to about one-half the area of the outfall pipe, and ef
fluent densities consistent with approximately 40 percent sea wa
ter. More detailed considerations of some of these factors is 
considered in the subsequent development of the final diffuser 
configuration presented after the initial sensitivity analysis. 

Sensitivity to Port Spacing 

Table 7 summarizes model predictions showing the sensitivity of 
diffuser performance to port spacing. A port spacing of 50 feet 
results in merging plumes at the trapping level for the stronger 
stratification conditions. Under weaker stratification the plumes 

-11-



: j 

C l 

r-_---.:_-1 r·-, 

;] 
,·1 . ! 

. I 
l .. 

J 

:J 

i 
, f 

., l 

J 

TECHNICAL MEMORANDUM 
Costa to File 
26 August 1991 
PDJ:30702.PA.MZ 

Table 6 
RECEIVING WATER DENSITY PROFILES USED FOR 

DIFFUSER CONFIGURATION SENSITIVITY ANALYSIS 

DEPTH DENSITY (sigma-t units) 
(meters) 

STRONGER GRADIENT WEAKER GRADIENT 

0 23.02 22.65 

3 23.02 22.65 

6 23.13 22.68 

9 23.13 22.68 

12 23.20 22.68 

15 23.28 22.68 

18 23.28 22.68 

21 23.28 22.68 

24 23.36 22.68 

27 23.36 22.68 

30 23.36 22.68 

33 23.36 22.68 

36 23.36 22.68 

39 23.36 22.68 

41 23.36 22.68 

44 23.36 22.68 

47 23.36 22.69 

49 23.43 22.71 

55 23.43 22.71 

merge prior to trapping but higher initial dilutions also result 
since the trapping level is higher in the water column. A port 
spacing of approximately 50 feet was chosen as resulting in the 
best overall performance of the diffuser configuration. Table 7 
also indicates the better performance of smaller ports. 
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Table 7 

EFFECT OF PORT SPACING ON INITIAL DILUTION 

Discharge Depth 
Effluent Flow Rate 
Effluent Temperature 
Current Velocity 

= 160 ft 
=2.0mgd 
=85 F 
= O cm/sec 

a@m::ffit::•::-::!i:1~:';::J:Ji':r:m:1::J::1;:;:;::;r,r::rttJ:;;;':r::;:rn:11:::1::rnrnr'r:1:;r1r;r:r::;:1t1::::::; 
PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 s 386 72.5 (22.1) 38 (11) YES 
4 7 w 590 12.0 (3.5) 48 (14) YES 

6 4 s 280 69.6 (21.2) 38 (11) YES 
6 4 w 432 aurface 50 (15.3) YES 

8 2 s 205 45.0 (13.7) 44 (13.5) YES 
8 2 w 277 aurface 47 (14.4) YES 

Rejijft$:Jot'PoitBPinlfa¥50ftttt:::tr:tttrwr:td!,mt\trrwr:rwtrt;n;@rt<t[ttt:t[itl% 
PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 s 471 73.8 (22.5) 44 (13.5) YES 
4 7 w 903 14.4 (4.4) 61 (18.5) YES 
6 4 s 334 71.9 (21.9) 46 (14) YES 
6 4 w 636 11.5 (3.5) 62 (19) YES 

8 2 s 291 47.9 (14.6) 57 (17.5) YES 
8 2 w 439 surface 64 (19.6) YES 

Note: S=strong density gradient W=weak density gradient 
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sensitivity to Effluent Flow Rate 

A representative range of effluent flow rates is presented in Ta
ble 8 for both density gradient conditions and a range of port 
sizes. Port Spacing is held at 50 feet. At the higher flow rates 
initial dilution decreases and plume trapping level is shallower. 
At the highest discharge rates the plume surfaces at port diame
ters of greater than six inches for the weaker density gradient 
condition. 

Sensitivity to Effluent Temperature 

Table 9 shows the sensitivity of diffuser performance to effluent 
temperature (an thus to effluent density). The results indicate 
that the initial dilution and trapping level are insensitive to 
small changes in effluent temperature (or density) for the range 
of port sizes under consideration at an effluent flow rate and 
depth similar to the expected conditions for the joint cannery 
outfall. 

sensitivity to Ambient currents 

All of the diffuser performance predictions presented above were 
based on a worst case scenario of zero ambient current. This is a 
conservative approach. Existing data (described in the Feasibili
ty Study) indicates that a small current will be present nearly 
continuously at the diffuser site. Table 10 presents the diffuser 
performance predictions for currents at about the estimated 10 
percentile level of 5 cm/sec (currents will be higher than this 90 
percent of the time). Comparison of the results given in Table 10 
to the zero current results of Table 8 demonstrates that, as ex
pected, the presence of currents dramatically increases the ini
tial dilution and trapping levels for the range of port sizes and 
effluent flows representative of the joint cannery outfall condi
tions. 

SELECTION OF DIFFUSER CONFIGURATION 

Based on the general guidelines for diffuser design, the results 
of the sensitivity analysis, and consideration of other design and 
site-specific factors, ports of 5-inch diameter were selected. 
During the time the sensitivity study was being conducted the ex
act location of the diffuser was selected and the depth at that 
location is 171 to 176 feet relative to mean lower low water. 

The number of ports for the final diffuser configuration was based 
on the results of a series of model predictions for 5-inch ports 
as given in Table 11. Table 11 provides the predicted trapping 
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Table 8 

EFFECT OF EFFLUENT FLOW RATE ON INITIAL DILUTION 

Discharge Depth 
Port Spacing 
Effluent Temperature 
Current Velocity 

= 160 ft. 
= 50 ft. 
=85F 
= O cm/sec 

ae.~Jot::Mmrmwrii:at~']¥:0w':aAi':¥:ii~~farimtt::t:ilit::::::::t:}:m0tmtJ1rrm:rt:'t 
PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL-ft(m) AT TRAP. LEVEL MERGE 

4 7 s 540 75 (22.8) 43 (13.0) YES 
4 7 w 1068 15 (4.6) 61 (18.5) YES 

6 4 s 380 73 (22.2) 43 0(13.2) YES 

6 4 w 743 13 (4.1) 62 (18.8) YES 

5gfl:!fl[!/IYIEili!l!IB9Wlmliill;il§i:ll:::::r:1:::::11tIII:t!t:::r::::iti::::J:::::::I:1:m:::i 
PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL-ft(m) AT TRAP. LEVEL MERGE 

4 7 s 471 73.8 (22.5) 44 (13.5) YES 
4 7 w 903 14.4 (4.4) 61 (18.5) YES 
6 4 s 334 71.9 (21.9) 46 (14) YES 
6 4 w 636 11.5 (3.5) 62 (19) YES 
8 2 s 291 47.9 (14.6) 57 (17.5) YES 
8 2 w 439 surface 64 (19.6) YES 

ai1t1:Jir::1~t:009m::iil• ~::ffl91::ami::s:i:111r::::1:::::r:tirrn:::::ti::1:::ir::i::rn:t:=:rI 
PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL-ft(m) AT TRAP. LEVEL MERGE 

4 7 s 357 73 (22.1) 49 (14.8) YES 
4 7 w 629 12 (3.6) 64 (19.6) YES 
6 4 s 256 69 (21.1) 50 (15.2) YES 
6 4 w 465 surface 67 (20.3) YES 

Note: S=strong density gradient W=weak density gradient 
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Table 9 

EFFECT OF TEMPERATURE ON INITIAL DILUTION 

Discharge Depth 
Effluent Flow Rate 
Port Spacing 

= 160 ft. 
=2.0mgd 
= 50 ft. 

@i@.ij@JPiU~@i@(¢ffl@m..,.!!.@•.i.:iJE)'iJ::rrr=::;;:=·:·:r,=::::,::.-::·:·-:,==:,:,,:,·::·:::::::::···---:·.::-:=-:::c:··---·-·,---.-----.:----··-:······:::··:···· 
PORT PORT EFFLUENT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 

SIZE (inches) NUMBER TEMP. (F) PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 85 s 488 74 (22.5) 44 (13.5) YES 

4 7 90 s 478 73 (22.4) 44 (13.4) YES 

4 7 85 w 900 14 (4.3) 62 (18.8) YES 

4 7 90 w 915 14 (4.4) 61 (18.7) YES 

6 4 85 s 332 72 (21.9) 43 (13.0) YES 

6 4 90 s 339 72 (21.8) 44 (13.5) YES 

6 4 85 w 830 11 (3.5) 62 (19.0) YES 

6 4 90 w 644 11 (3.3) 62 _ (19.0) YES 

i~fflj~f~tN».b.!e.b.Ub.)ttW.tit.)ifS.~Q?¢ffil:$e¢lfffkft'filHt=tttlit?tt'If :itt:ittit=iiit:i!t==irnri:,j;:{,:iJ 
PORT PORT EFFLUENT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 

SIZE (inches) NUMBER TEMP. (F) PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 85 s 2507 78 (23.8) 89 (21) YES 

4 7 90 s 2511 78 (23.7) 89 (21) YES 

4 7 85 w 4651 19 (5.8) 108 (33) YES 

4 7 90 w 4659 19 (5.8) 112 (34) YES 

6 4 85 s 1471 77 (23.6) 82 (25) YES 

6 4 90 s 1472 77 (23.6) 82 (25) YES 

6 4 85 w 2725 18 (5.6) 128 (39) YES 

6 4 90 w 2730 18 (5.5) 131 (40) YES 

Note: S=strong density gradient W=weak density gradient 

-16-



' J 

-l 

(;•:1 

: ] 
' ·1 

J 
:J 

...l 

Table 10 

EFFECT OF AMBIENT CURRENT AND EFFLUENT FLOW RATE 
ON INITIAL DILUTION 

Discharge Depth 
Port Spacing 
Effluent Temperature 

= 160 ft. 
= 50 ft. 
=85 F 

ffisqhi'f.o.iiM.inir.iifi:SHB:::&::aitifi?fis.:;g:r:::::):'::tGiii/iti:::tii:i:iiJ§j:@:;r 
Current Velocity = 5 cm/sec 

PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (Inches) NUMBER PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 s 3244 78 (23.8) 66 (20) YES 
4 7 w 8079 19 (5.9) 102 (31) YES 
6 - 4 s 1902 77 (23.6) 79 (24) YES 
6 4 w 3552 18 (5.7) 200 (61) YES 

Blll!fl:l11f:ifl:!a:::m1t:1::;;1titw.1:::iit:::::tJII]!::Jftl:tt:IlI~IIJ]llfi;;J:;::{J:t:I@l, 
Current Velocity = 2.5 cm/sec 

PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 s 1414 77 (23.6) 118 (36) YES 
4 7 w 2588 18 (5.5) 157 (48) YES 
6 4 s 854 76 (23.3) 85 (26) YES 
6 4 w 1557 17 (5.1) 125 (38) YES 
8 2 s 487 73 (22.4) 79 (24) YES 
8 2 w 866 14 (4.2) 131 (40) YES 

Current Velocity = 5.0 cm/sec 

PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL - ft (m) AT TRAP. LEVEL MERGE 

4 7 s 2509 78 (23.8) 69 (21) YES 
4 7 w ~1472 77 (23.6') 82 (25) ';) YES 
6 4 s 4655 19 (5.8) 110 (34) YES 
6 4 w 2728 18 (5.6) 129 (40) YES 

eill:!ll:l,~\mµl1lfl• l:Riii :,:1~1:::mi~::::::::;:::;::::::::=:tt!:t::::1:::::f:::t:::::;::::::r:111:r:::::II!::::::::::t:f:::::t:: 

Current Velocity = 5 cm/sec 

PORT PORT DENSITY DILUTION TRAPPING PLUME WIDTH PLUMES 
SIZE (inches) NUMBER PROFILE LEVEL-ft(m) AT TRAP. LEVEL MERGE 

4 7 s 1440 77 (23.6) 72 (22) YES 

4 7 w 2600 18 (5.6) 121 (37) YES 

6 4 s 857 76 (23.3) 85 (26) YES 

6 4 w 1536 17 (5.2) 144 (44) YES 

Note: S=strong density gradient W=weak density gradient 
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level, initial dilution, and Froude Number for a range of effluent 
flow rates and for both density gradient conditions described 
above. Effluent density was based on 40 percent sea water and a 
temperature of 87.5 degrees F. The results of these model predic
tions lead to the selection of a diffuser with the following char
acteristics: 

• Number of Ports: 

• Port Spacing: 

• Port Size: 

• Port Orientation: 

6 ports total 
4 ports active (open) 
2 ports closed (for future use) 

50 feet between ports 
Alternating sides 

5.065 inches (ID) 

90 degrees to centerline of pipe 
15 degrees to horizontal (upward) 

The number of ports to be built is larger than the number of ports 
to be used. This provides flexibility for growth and a safety 
factor in the event of port clogging. This approach was taken 
because of the depth of water and difficulty of modifying and 
maintaining the diffuser once in place. 

PREDICTED DIFFUSER. PERFORMANCE 

After determining the final diffuser configuration described above 
and the location (depth) of the diffuser.an additional set of mod
el simulations was conducted to predict final diffuser configura
tion performance. The results of these predictions are given in 
Table 12 and detailed input and output from UDKHDEN are provided 
in the Appendix A to this memorandum. For the final configuration 
model predictions the following conditions were used: 

• 

• 

• 

• 

Effluent Discharge Rates: 

Effluent Temperature: 

Effluent Salinity: 

Ambient Conditions: 

-18-

1.41, 2.39, and 3.40 

85 degrees F 

Calculated for 0.6 mgd of 
sea water (the balance 
freshwater) 

Density as described 
above and zero current speed 
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Table 11 
SELECTION OF NUMBER OF 5-inch PORTS FOR DIFFUSER 

DENSITY EFFLUENT NUMBER OF TRAPPING INITIAL FROUDE 
GRADIENT FLOW 5-inch LEVEL DILUTION NUMBER 
S=strong (mgd) PORTS (m below 

W=weak surface) 

s 1.5 2 22 350 4.4 

4 23 491 5.8 

6 23 611 8.7 

8 23 707 17.5 

2.0 2 22 310 23.2 

4 23 428 11.6 

6 23 524 7.7 

8 23 608 5.8 

3.8 2 22 237 44.6 

4 22 312 22.3 

6 23 378 14.9 

8 23 433 11.2 

w 1.5 2 4 565 17.8 

4 4 832 8.9 

6 5 1053 6.0 

8 5 1248 4.5 

2.0 2 3 487 23.6 

4 4 707 11. 81 

6 4 896 7.87 

8 5 1059 5.91 

3.8 2 0 367 45.5 

4 3 498 22.8 

6 4 616 15.2 

8 4 721 11. 4 
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Table 12 
PREDICTED PERFORMANCE OF FINAL DIFFUSER CONFIGURATION 

DENSITY GRADIENT EFFLUENT TRAPPING INITIAL 
FLOW LEVEL DILUTION 

(mgd) (m below 
surface) 

Stronger Gradient 1.41 23 467 

2.39 22 393 

3.40 21 346 

Weaker Gradient 1.41 4 817 

2.39 3 659 

3.40 - 586 

, 

The model predictions indicate that dilutions are expected to be 
over 300:1 under all conditions and are over 400:1 under most con
ditions. 

AMBIBHT CONCENTRATIONS 
(OUTSIDE ZONE OF MIXING) 

Ambient concentrations for a range of nutrient loadings and dis
charge locations were developed and presented in the Feasibility 
Study and Appendices to the Feasibility study. These predictions 
were done using a wastefield transport model (PT121) developed for 
Pago Pago Harbor. The model is described in the Feasibility 
Study. Additional runs with the model were made for _the final 
diffuser location. 

Table 13 presents the results of the PT121 model runs for the fi
nal diffuser site. The loadings listed in Table 13 are input to 
the model as constants and can be interpreted to represent the 
maximum loading or the long term average loading. The interpreta
tion of the results depends on the interpretation of the input 
loading conditions. The primary results of the site-specific mod
el predictions are: 

• Interpretation of the model input as the maximum loading 
is the most conservative approach. In this case the 
model predicts the resulting concentrations throughout 
the harbor that would occur if the maximum loadings were 
continuous (that is maximum and average were the same). 
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• 

• 

• 

Since the loadings vary considerably (see Tables 2 and 3 
and Figures in Appendix B of this memorandum), the pre
dicted concentrations based on maximum loadings are val
ues that are higher than would ever occur. The combined 
average loading of TP is only 49 percent of the combined 
maximum loading. For TN·the combined average is only 50 
percent of the combined maximum. The use of the maximum 
as an average is extremely conservative. 

Interpretation of the model input loadings as averages 
means that the predicted concentrations in the harbor 
are representative of long term averages. The actual 
concentrations in the harbor would fluctuate about these 
averages. Because of the slow response time of the har
bor and the rapid variations of the loadings the actual 
concentrations in the harbor would not vary as much as 
the loadings. Concentrations in the harbor would never 
reach a value near that predicted for maximum loadings 
input as constant. For example, if the combined average 
TN loading is 1500 pounds per day and the maximum value 
is 4000 pounds per day then, based on the results given 
in Table 13, the average concentration in the harbor 
(highest value outside the mixing zone) is predicted to 
be higher than 0.165 mg/1 and will always be lower than 
o. 243 mg/ 1. 

Present combined average loadings are approximately 1500 
lbs/day (1567 lbs/day for the samples taken during the 
period of record described above). This loading will 
result in a predicted maximum TN concentration outside 
of the zone of mixing of 0.165 mg/1. This is comfort
ably below the water quality standard. For TP the load
ing is about 300 lbs/day (294 lbs/day for the period of 
record). This loading results in a maximum TP concen
tration, outside the zone of mixing, of about o. 02 2 
mg/1. 

The model predictions indicate that, outside the zone of 
mixing, the TN standard of 0.200 mg/1 will be met at a 
constant loading of 2600 lbs/day and that the TP stan
dard of 0.030 mg/1 will be met at a constant loading of 
570 lbs/day. The 2600 lbs/day TN level includes 95 to 
99+ percent of the data since the implementation of high 
strength waste segregation. The 570 lbs/day TP level 
includes virtually all the data since the implementation 
of high strength waste segregation. 
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Table 13 
MODEL PREDICTIONS OF MAXIMUM CONCENTRATIONS 

OUTSIDE THE ZONE OF MIXING AT THE FINAL DIFFUSER SITE 
FOR A RANGE OF TN AND TP LOADINGS 

TN LOADING MAXIMUM TN TP LOADING MAXIMUM TP' 
(lbs/day) CONCENTRATION (lbs/day) CONCENTRATION 

(mg/ 1) (mg/1) 

1500 0.165 300 0.022 

2000 0.180 400 0.025 

2500 0.197 500 0.028 

3000 0.212 600 0.031 

3500 0.231 700 0.034 

4000 0.243 800 0.038 

Examination of the data for concentrations, loadings, and effluent 
flow rates, since high strength waste segregation, indicates that 
there is no significant trend of loading with production. Plots 
of concentration and loading as a function of relative production 
(percent of maximum in the period of record) are given in Appendix 
B. The time series of loadings for each cannery, since the imple
mentation of high strength waste segregation, are also given in 
Appendix B and indicate that there is no strong correlation 
between canneries and that the fluctuations are of relatively 
short period. The variations in loading can be considered as a 
random record of short period fluctuations about a mean in the 
evaluation of impacts on harbor nutrient concentrations. 

Based on the above observations the model was used to evaluate the 
increase in TN and TP concentrations that would occur for increas
es in loadings above a range of values for the combined long term 
average. The results of this analysis are given in Table 14. The 
table presents the number of days required to increase maximum TN 
and TP concentrations to the standard (outside of the zone of mix
ing). For example, if the average TN loading is 1500 lbs/day then 
an increased TN loading of 3000 lbs/day would have to exist for 7 
consecutive days to increase the concentration of TN to O. 200 
mg/1. This 0.200 mg/1 concentration would be the highest concen
tration outside the zone of mixing; concentrations throughout the 
rest of the harbor would be lower than 0.200 mg/1. 

The loadings used in the model simulation are based on data taken 
only during product processing operations and result in 
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art.if icially high average loading values. 
extra degree of conservatism in an already 
All the model assumptions and applications 
concentrations than would be the case with 
tions. 

These results in an 
conservative approach. 
tend to predict higher 
more realistic assump-

Table 14 
MODEL PREDICTIONS OF MAXIMUM CONCENTRATIONS 

FOR TN AND TP LOADINGS ELEVATED ABOVE AVERAGE 

ELEVATED ELEVATED 
LOADING LOADING 

(lbs/day) (lbs/day) 
AVERAGE 

TN 3000 3500 4000 AVERAGE 600 700 800 
LOADING TP 

(lbs/day) LOADING 
NUMBER OF DAYS (lbs/day) NUMBER OF DAYS 

BEFORE EXCEEDING BEFORE EXCEED-
0.200 mg/1 ING 0.030 mg/1 

1500 10 7 4 300 12 6 4 

2000 7 4 3 400 9 4 3 

2500 0 0 0 500 4 2 1 

Examination of the available data indicates that TN loadings ex
ceeding the average (1500 lbs/day) are not predicted to result in 
concentrations exceeding 0.200 mg/1. The average and maximum ef
fluent TN and TP concentrations can increase above present values, 
to account for future growth, and still meet water quality stan
dards. Table 14 indicates the average and maximum loadings pre
dicted to result in compliance outside the zone of mixing. 

REQUIRED ZONE OF MIXING SIZE 

The wastefield transport model described in the preceding section 
of this memorandum provides an assessment of the average concen
trations throughout the harbor over time scales greater than a 
tidal period and space scales consistent with the cell size (200 
meters horizontal dimension). The initial dilution model 
described above provides an assessment of the mixing action of the 
effluent plume with the receiving water. Neither of these models 
provides precise details on the geometry of a zone of mixing. For 
the purposes of the discussion in this section, the defined a zone 
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of.mixing is that area outside of which the water quality stan
dards are achieved. 

The enclosed nature of the harbor and concomitant long flushing 
and residence times, the stochastic nature of the predominantly 
wind-driven circulation, and the restrictive water quality stan
dards all combine to make the precise definition of a zone of mix
ing a somewhat subjective process. However, the results of the 
wastefield transport model predictions show compliance with the 
water quality standards at specified loadings on a long-term aver
age basis. 

A number of approaches can be used to describe the appropriate 
zone of mixing dimensions. These approaches vary in their spatial 
and temporal resolution as well as in the physical approach used. 
The approaches can be broadly classified as initial dilution 
based, volumetric based, or based on analysis of subsequent (far
field) dilution. Each of these approaches is discussed below. 

ZONE OF MIXING BASED ON INITIAL DILUTION 

If a zone of mixing is to be based on initial dilution only, the 
receiving water must have a sufficiently low concentration of the 
constituent of concern that the concentration of the plume, at the 
end of the initial dilution process, meets the water quality stan
dards. In an enclosed system like Pago Pago Harbor, the receiv
ing water concentration (steady state or long term average) is 
elevated above the open ocean background concentration. Back
ground concentration is used here to indicate the concentration 
that would be found if there were no release of the constituent. 
The steady-state concentration refers to the concentration in any 
particular area of the harbor that results from the long-term re
lease of the constituent. 

The required initial dilution (S) to meet a particular water qual
ity standard concentration at the end of the initial dilution pro
cess (Cs) depends on the effluent concentration (Ce) and the ambi
ent (steady state) concentration (Ca). The relationship between 
these variables is: 

a. 
S (Ca - Cs) = (Cp - Ce). 

Thus, the standard can never be met if the ambient concentration 
equals the water quality standard and only initial dilution is 
accounted for in the zone of mixing definition. 

The closer the values of the standard and the ambient concentra-
•. J tions, the more difficult it is to meet the standards, that is, 

the higher the initial dilution must be to meet the water quality 
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standard. For example, if the ambient TN concentration is the 
ocean background (the outfall is beyond the harbor entrance) of 
0.12 mg/1 and the water quality standard is 0.200 mg/1, the re
quired initial dilution to meet the standard, except within the 
effluent plume, is expressed as: 

S = (Ce - 0.200)/0.080 

Typical post-segregation median effluent concentrations for the 
combined cannery discharges are expected to be approximately 70 to 
100 mg/1. This means that initial dilutions on the order of 875 
to 1,250 are required, which are probably much higher than can 
practically be obtained. With the discharge in the harbor where 
the ambient concentrations are higher results in even higher, and 
unattainable, initial dilution requirements. A zone of mixing 
based solely on initial dilution is not feasible for the present 
water quality standards. 

ZONE OF MIXING BASED OH VOLUMETRIC ANALYSIS 

The transport model used to predict ambient conditions provides an 
assessment of the size of the zone of mixing, based on a descrip
tion of long-term average concentrations. The resolution of the 
model is a cell 200 meters square (656 feet square). In addition 1 

the model is a depth-averaged, completely stirred model. The 
fine-scale details of the effluent plume and the nearfield concen
trations are neither square nor constant with depth or the hori
zontal dimension of a model cell. However, the model does give a 
good indication of the strength of the concentration gradient that 
can exist for the dispersion coefficient applicable for the model 
cell size. 

The model was run with discharge to two cells. The resulting am
bient concentrations given in Table 13 are the maximum predicted 
outside of those two cells. The time required to exceed the stan
dard as given in Table 14 also is for areas outside of the two 
cells where effluent is discharged. For the discharge location 
the depth of the diffuser is about 175 feet and the minimum ini
tial dilution expected from the initial dilution modeling is over 
350:1. For an effluent concentration of TN of 100 mg/1, the 
concentration at the end of the initial dilution process is about 
0.49 rng/1, based on an ambient concentration of 0.200 mg/1. The 
volume of water in 2 model cells is over 150 times that involved 
in the initial dilution process, and the concentration after ini
tial dilution is approximately 2 to 3 times the average predicted 
for the 2 model cells. 

The overall volumetric requirements for a zone of mixing predicted 
by the wastefield transport model appear reasonable (there is suf-
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ficient volume of water). However, the detailed geometry and spa
tial variability of the area where water quality standards are 
exceeded is not well addressed by the wastefield transport model 
(which predicts average long term conditions). 

The wastefield transport model used in this study does provide a 
useful estimate of the subsequent dilution except close to the 
discharge point. The wastefield transport model (PT121) was found 
to predict observed concentrations at stations near (within 1000 
feet of) the existing discharge. Thus, the results of the model 
near the point source discharge appear to be acceptable at a dis
tance of about 1,000 feet or possibly less. The analysis of the 
wastefield transport model predictions presented in the previous 
section of this memorandum was based on providing a zone where 
water quality standards might be exceeded that was always less 
than 300 feet from the model discharge point. 

If, as a conservative approach, the cells within which effluent is 
released and all the surrounding cells are taken as a zone of mix
ing the size of the zone of mixing would be 800 by 600 meters (ap
proximately 2600 by 2000 feet) aligned in the direction of the 
diffuser . 

APPLICATION OF THE FARFIELD DILUTION MODEL 

The wastefield transport model described above is a depth-averaged 
model that cannot account for the fact that, near the discharge 
point, the wastef ield will exhibit a gradient in concentration 
with depth and might be contained in a distinct layer of the water 
column. To investigate the expected concentrations near the dis
charge point the subsequent dilution model CDIFF was used. 

The subsequent dilution model (CDIFF) was used and is described in 
more detail in the Feasibility Study and associated references. 
This model has features that make it conservative; that is, it 
provides predictions of dilutions that are probably low (high con
centrations). These features include the following: 

• 

• 

The model allows no diffusion in the direction of the 
current. This results in particularly wide wastefields 
at low current speeds and physicaily unrealistic results 
at very low current speeds. This aspect of the model 
had to be considered for this application and was ad
dressed as described below. 

The model allows no mixing in the vertical direction and 
assumes a constant "layer thickness". This results in 
an overestimate of concentrations. 
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• The model, as supplied by EPA, has set values for cal
culating diffusion coefficients as a function of plume 
dimension. These values result in a diffusion coeffi
cient, at the start of subsequent dilution, that is 
about the same as that derived from dye experiments in 
Pago Pago Harbor. Those experiments were based on visu
al (photographic) observation rather than concentration 
measurements. This leads to an underestimate of the 
eddy diffusion coefficient and means CDIFF is underesti
mating the dilution factor ( overestimating concentra
tion) at least near the beginning of the subsequent di
lution process. 

• At the end of initial dilution, the concentration of the 
plume is appropriately described by adding _or superim
posing it on the ambient concentration. At the end of 
the subsequent dilution process, the concentration of 
the plume is the ambient concentration. However, the 
calculation of subsequent dilution is usually carried 
out by superimposing the plume concentration on the am
bient concentration throughout the entire area consid
ered. This gives conservative (concentration predicted 
too high) results that are more conservative as the dis
tance from the source increases. 

As mentioned above CDIFF does not work well under near-zero cur
rent conditions. The model allows only advective transport in the 
longitudinal direction (direction of current) and only diffusive 
transport in the lateral direction. Thus, for near zero current 
speeds no dispersion is allowed in the longitudinal direction and 
the model results are physically unrealistic, and are not usable 
for predictions. To be physically realistic, the longitudinal 
(advective) transport term should be at least as large as the lat
eral (diffusive) transport term. In order to meet this condition 
and keep model predictions physically realistic the model should 
not be applied for currents less than about 0.05 cm/sec. This 
current speed is based on an analysis done for the application of 
the model to Pago Pago Harbor. 

For a current speed of 0.05 cm/sec and for diffusivity proportion
al to the length scale of the plume (which is typical for enclosed 
bodies of water), the model simulates the zero-current-speed situ
ation. Under the stated current speed and diffusivity conditions 
the model predicts diffusive and advective fluxes of about the 
same size near the origin. This is equivalent to setting the 
strength of diffusive transport the same in both directions, which 
is a physically realistic approach for the space and time scales 
under consideration in this case. 
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The model output for CDIFF provides a description of subsequent 
dilution as a function of distance from the plume location at ~he 
end of initial dilution. The output from CDIFF is included as 
Appendix c. For the Feasibility study the subsequent dilution was 
applied to the predicted gradient of ambient concentrations. For 
the analysis below the ambient concentrations are held constant, 
which is a somewhat more conservative approach. Tables 15A 
through 15D summarize the calculations and approach to predicting 
the required mixing zone dimensions. 

Tables 15A-D summarize two approaches, which are similar to the 
approaches described above for the wastefield transport model: 

• The first approach assumes a continuous loading for a 
range of values corresponding to a range of frequency of 
occurrences. This approach can be thought of as pre
dicting the median (50 percentile) conditions for exist
ing and increased (over 50% percentile) median loadings 
and concentrations. 

• The second approach assumes a peak loading occurs super
imposed on ambient conditions representative of the 
present median condition. An estimate of the number of 
days of elevated loadings that would have to occur be
fore water quality standards were violated at the edge 
of the mixing zone was provided above in the discussion 
of the ambient concentrations predicted by the waste
field transport model. 

There is no clear relationship between loading, concentration, and 
effluent discharge rate. The values used in the calculations were 
all selected corresponding to the same frequency of occurrence 
level. If the variables were well correlated this frequency would 
correspond to the expected frequency of occurrence of the result 
(i.e. required zone of mixing size). If the variables were not 
correlated at all then the frequency of the result could be much 
lower than the frequency of each variable. Since the relationship 
between the variables is weak, the result is conservative (pre
dicted requirement for zone of mixing dimension is too large). 

Tables 15A-D provide estimates of mixing zone size for TP and TN 
and for stronger and weaker density gradients. The tables are 
constructed as follows: 

• Effluent flows, nutrient concentrations, and nutrient 
loadings are tabulated based on a set of frequencies 
from Tables 1 through 3 above. 
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FREQUENCY (Percent of Time 
Less Than or Equal to) 

FLOW(mgd) 
$KS 
SPC 
COMBINED 

CONCENTRATION (mg/I) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, calc) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, data) 
SKS 
SPC 
COMBINED 

AMBIENT CONC. (mg/I) 

STANDARD (mg/I) 

REQUIRED DILUTION 
TOTAL DILUTION 
INITIAL DILUTION 
SUBSEQUENT DILUTION 

REQUIRED DIAMETER OF 
ZONE OF MIXING (feet) 

Table 15A 
REQUIRED DIAMETER FOR ZONE OF MIXING 

TN -STRONGER STRATIFICATION 

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN 

50% 75% 90% 95% 75% 9()0A, 95% 100% 

1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61 

0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79 
2.39 2.59 2.71 2.86 2.59 2.71 2.86 3.40 

66.00 79.00 90.00 114.00 79.00 90.00 114.00 125.00 

104.00 121.00 140.00 146.00 121.00 140.00 146.00 183.00 
74.90 89.38 103.10 122.50 89.38 103.10 122.50 138.48 

1008 1286 1502 1998 1286 1502 1998 2723 

486 646 830 926 646 830 926 1206 

1494 1932 2332 2924 1932 2332 2924 3929 

1020 1228 1427 1720 1228 1427 1720 1925 
477 570 673 772 570 673 772 1052 

1497 1798 2100 2492 1798 2100 2492 2977 

0.165 0.174 0.183 0.197 0.165 0.165 0.165 0.165 

0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 

2134 3430 6053 40768 2548 2940 3494 3951 
395 380 375 370 380 375 370 345 
5.4 9.0 16.1 110.2 6.7 7.8 9.4 11.5 

280 480 940 ---- 340 400 500 660 
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FREQUENCY (Percent of Time 
Less Than or Equal to) 

FLOW(mgd) 
SKS 
SPC 
COMBINED 

CONCENTRATION (mg/I) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, calc) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, data) 
SKS 
SPC 
COMBINED 

AMBIENT CONC. (mg/I) 

STANDARD (mg/I) 

REQUIRED DILUTION 
TOTAL DILUTION 
INITIAL DILUTION 
SUBSEQUENT DILUTION 

REQUIRED DIAMETER OF 
ZONE OF MIXING (feet) 

Table 158 
REQUIRED DIAMETER FOR ZONE OF MIXING 

TN - WEAKER STRATIFICATION 

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN 

50% 75% 9QO,i, 95% 75% 9()0,i, 95% 100% 

1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61 
0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79 
2.39 2.59 2.71 2.86 2.59 2.71 2.86 3.40 

66.00 79.00 90.00 114.00 79.00 90.00 114.00 125.00 
104.00 121.00 140.00 146.00 121.00 140.00 146.00 183.00 
74.90 89.38 103.10 122.50 89.38 103.10 122.50 138.48 

1008 1286 1502 1998 1286 1502 1998 2723 
486 646 830 926 646 830 926 1206 

1494 1932 2332 2924 1932 2332 2924 3929 

1020 1228 1427 1720 1228 1427 1720 1925 
477 570 673 772 570 673 772 1052 

1497 1798 2100 2492 1798 2100 2492 2977 

0.165 0.174 0.183 0.197 0.165 0.165 0.165 0.165 

0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 

2134 3430 6053 40768 2548 2940 3494 3951 
660 640 630 620 640 630 620 585 
3.2 5.4 9.6 65.8 4.0 4.7 5.6 6.8 

160 280 520 ---- 200 220 280 340 
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FREQUENCY (Percent of Time 
Less Than or Equal to) 

FLOW(mgd) 
SKS 
SPC 
COMBINED 

CONCENTRATION (mg/I) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, calc) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, data) 
SKS 
SPC 
COMBINED 

AMBIENT CONC. (mg/I) 

STANDARD (mg/I) 

REQUIRED DILUTION 
TOTAL DILUTION 
INITIAL DILUTION 
SUBSEQUENT DILUTION 

REQUIRED DIAMETER OF 
ZONE OF MIXING (feet) 

Table 15C 
REQUIRED DIAMETER FOR ZONE OF MIXING 

TP - STRONGER STRATIFICATION 

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN 

50% 75% 90% 95% 75% 9()0,i, 95% 100% 

1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61 
0.56 0.64 0.71 0.76 0.64 0.71 0.76 0.79 
2.39 2.59 2.71 2.86 2.59 2.71 ;· 2.86 3.40 

8.00 11.00 14.00 16.00 11.00 14.00 16.00 20.00 
34.00 38.00 42.00 43.00 38.00 42.00 43.00 48.00 
14.09 17.67 21.34 23.17 17.67 21.34 23.17 26.51 

122 179 234 280 179 234 280 436 
159 203 249 273 203 249 273 316 
281 382 483 553 382 483 553 752 

127 171 230 257 171 230 257 312 
153 188 208 225 188 208 225 267 
280 359 438 482 359 438 482 579 

0.021 0.024 0.026 0.027 0.021 0.021 0.021 0.021 

0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 

1562 2940 5326 7715 1960 2367 2572 2942 
395 380 375 370 380 375 370 345 
4.0 7.7 14.2 20.9 5.2 6.3 7.0 8.5 

200 400 800 1300 260 320 360 460 
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. FREQUENCY (Percent of Time 
Less Than or Equal to) 

FLOW(mgd) 
SKS 
SPC 
COMBINED 

CONCENTRATION (mg/I) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, calc) 
SKS 
SPC 
COMBINED 

LOADING (lbs/day, data) 
SKS 
SPC 
COMBINED 

AMBIENT CONC. (mg/I) 

STANDARD (mg/I) 

REQUIRED DILUTION 
TOTAL DILUTION 
INITIAL DILUTION 
SUBSEQUENT DILUTION 

REQUIRED DIAMETER OF 
ZONE OF MIXING (feet) 

Table 15D 
REQUIRED DIAMETER FOR ZONE OF MIXING 

TP - WEAKER STRATIFICATION 

CONTINUOUS CONDITIONS PEAK SUPERIMPOSED ON MEDIAN 

50% 75% 9()0,t, 95% 75% 90% 95% 100% 

1.83 1.95 2.00 2.10 1.95 2.00 2.10 2.61 
0.56 0.64 0.71 0.76 0.64 . 0.71 0.76 0.79 
2.39 2.59 2.71 2.86 2.59 2.71 2.86 3.40 

8.00 11.00 14.00 16.00 11.00 14.00 16.00 20.00 
34.00 38.00 42.00 43.00 38.00 42.00 43.00 48.00 
14.09 17.67 21.34 23.17 17.67 21.34 23.17 26.51 

122 179 234 280 179 234 280 436 
159 203 249 273 203 249 273 316 
281 382 483 553 382 483 553 752 

127 171 230 257 171 230 257 312 
153 188 208 225 188 208 225 267 
280 359 438 482 359 438 482 579 

0.021 0.024 0.026 0.027 0.021 0.021 0.021 0.021 

0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 

1562 2940 5326 n15 1960 2367 2572 2942 
660 640 630 620 640 630 620 585 
2.4 4.6 8.5 12.4 3. 1 3.8 4.1 5.0 

120 220 460 700 160 180 200 240 
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• Loadings are also calculated based on flows and concen
trations (indicated as "calc"). The results of this 
calculation are loadings higher than observed indicating 
a weak, and possibly negative, correlation between flow 
and concentration. The previously tabulated loadings 
(indicated as "data") are used in the following calcula
tions of the zone of mixing size. This approach corre
sponds to an assumption of a strong positive correlation 
between flow rate and concentration which is an extreme
ly conservative (worst case) approach. 

• 

• 

• 

• 

Ambient concentrations are based on the predictions of 
the wastefield transport model for the area adjacent to 
(but not including) the cells representing the immediate 
point source (Table 13). 

The required dilution is calculated based on effluent, 
ambient, and the desired final (water quality standard) 
concentrations using the same relationship given above 
for zone of mixing based on initial dilution. 

Initial dilutions correspond to flows as given in Table 
12. 

Required distances for the mixing zone are based on the 
required subsequent dilution to meet the water quality 
standard and the relationship between distance and sub
sequent dilution. Subsequent dilution as a function of 
distance is in the output from CDIFF given in Appendix 
c. 

During times of stronger density gradients a zone of mixing allow
ing a 1300 foot travel distance for the plume would provide for 
the worst case condition and allow for future expansion. Mean 
loadings could increase by about 70 percent and still be 
accommodated by this zone of mixing. During times of stronger 
density gradients the plume would remain trapped well below the 
surface (see Table 12 and Appendix A). Even if the plume moved 
toward shore it would remain submerged and not impact the coral 
reef. 

During times of weaker density gradients the travel distance of 
the plume is much less than for stronger gradient conditions. 
This is because the initial dilution will be higher. Based on the 
analysis summarized in Tables 15B and 15D it appears that during 
times of plume surfacing the water quality standards will be met 
before the plume can reach the reef area. 
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RESULTS OF ZONE OF MIXING ANALYSIS 

A conservative estimate of zone of mixing size, based on the above 
models and analyses, is as follows: 

• For present loading levels, and for average long-term 
conditions, a zone of mixing of a size corresponding to 
two model cells appears reasonable. However, a larger 
size is prudent to account for known variability and 
projected future expansion. 

• For maximum loading values, a zone of mixing of 1,300 
feet in radius (centered on the outfall diffuser) ap
pears sufficient and provides a reasonable factor of 
safety and allows for future increases in median loading 
values. 

The zone of mixing is defined above such that at any given time 
the concentration within the zone would be above the water quality 
standard at the boundary of the zone over less than 1/ 4 of the 
area of the zone. Within most of such a designated zone of mix
ing, at any given time, the water quality standards would be met. 
Thus the actual size, at any time, of the area where water quality 
standards would not be met (an "effective" zone of mixing) is very 
small and would involve a fraction of one percent of the volume of 
the harbor. However, because the currents are always changing 
direction and speed, this "effective" zone of mixing is constantly 
moving within the borders of the overall zone of mixing. The de
velopments presented above, on which the size of the zone of mix
ing was based, were constructed to be a worst case scenario. Con
servative assumptions were used throughout the application of mod
els, analysis, and data interpretation. 
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Joint carnay Outfall Initial Dilutian Predictian 
FiMl Diffuser Canfi..-• tian 
Weaker Density Cndient. l.oM Efflwnt FlOII 

PROGRAM UOKHDEN 
SOLUTION TO KILTIPLE BUOYANT DISCHARGE PROBLEM WITH 
NtSIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985 

: j 
UNIVERSAL DATA FILE: 
CASE I.D. Joint Carnery Outfall lnital Dilution Prediction: Weaker Density Gradient 
DISCHARGE= 0.0618CU-M/S ** TEMPERATURE= 29.44-C ** SALINITY=14.470-PPT ** DIAMETER= 0.1287 
** NlMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 

-l AMBIENT STRATIFICATION PROFILE 
DEPTH (M) TEMP (C) SALINITY (PPT) DENSITY (G/CM3) VELOCITY (M/S) 

0.00 28.90 35.70 1.02265 0.000 
0.61 28.90 35.70 1.02265 0.000 
3.05 28.90 35.70 1.02265 0.000 
6.10 28.80 35.70 1.02268 0.000 

. I 9.14 28.80 35.70 1.02268 0.000 
12.19 28.80 35.70 1.02268 0.000 
15.24 28.80 35.70 1.02268 0.000 

r:-J 18.29 28.80 35.70 1.02268 0.000 ::-
21.34 28.80 35.70 1.02268 0.000 

l· 24.38 28.80 35.70 1.02268 0.000 
27.43 28.80 35.70 1.02268 0.000 
30.48 28.80 35.70 1.02268 0.000 

'."'l 33.53 28.80 35.70 1.02268 0.000 
36.58 28.80 35.70 1.02268 0.000 

' 39.62 28.80 35.70 1.02268 0.000 
42.67 28.80 35.70 1.02268 0.000 

: -i 
45.72 28.80 35.70 1.02268 0.000 
49.00 28.70 35.70 1.02271 0.000 
55.00 28.70 35.70 1.02271 0.000 

- FRCXJ>E NO= 8.37, PORT SPACING/PORT DIA= 118.41 STARTING LENGTH= 0.731 

-1 ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 
,.__·_ X y z TH1 TH2 WIDTH DRHO DTCL OSCL TIME DILUTION 

0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1.000 0.00 1.00 
0.00 0.70 0.23 90.00 21.12 0.36 0.966 0.966 0.966 0.62 1.99 

;_1 
0.00 1.59 0.73 90.00 39.92 1.08 0.293 0.291 0.291 2.28 6.~1 
0.00 2.26 1.51 90.00 57.50 1.63 0.162 0.161 0.161 5.02 11.93 
0.00 2.73 2.43 90.00 67.53 2.11 0.106 0.105 0.105 8.17 18.26 
0.00 3.07 3.40 90.00 73.28 2.57 0.076 0.075 0.075 11.55 25 .63- L\,5 rt1 
0.00 3.33 4.39 90.00 76.88 3.03 0.057 0.050 0.057 15.11 33.99 

: _] 
0.00 3.54 5.40 90.00 79.29 3.50 0.044 ·0.034 0.045 18.84 43.28 
0.00 3.72 6.42 90.00 80.98 3.97 0.034 -0. 101 0.036 22.72 53.42 
0.00 3.87 7.43 90.00 82.21 4.45 0.027 -0.157 0.030 26.78 64.37 
0.00 4.00 8.46 90.00 83.17 4.93 0.023 ·0.142 0.025 31.00 76.05 
0.00 4.12 9.48 90.00 83.94 5.40 0.020 -0. 122 0.022 35.37 88.45 
0.00 4.31 11.53 90.00 85.10 6.34 0.015 ·0.094 0.017 44.51 115.28 

i 0.00 4.47 13.58 90.00 85.92 7.27 0.012 -0.075 0.013 54.12 144.72 
0.00 4.61 15.64 90.00 86.53 8.19 0.010 ·0.061 0.011 64.14 176.61 
0.00 4.72 17.69 90.00 87.00 9.10 0.008 ·0.051 0.009 74.54 210.83 
0.00 4.82 19.75 90.00 87.36 10.01 0.007 ·0.044 0.008 85.28 247.26 
0.00 4.91 21.81 90.00 87.66 10.91 0.006 ·0.038 0.007 96.34 285.80 
0.00 4.99 23.86 90.00 87.90 11.80 0.005 ·0.033 0.006 107.69 326.37 
0.00 5.06 25.92 90.00 88.10 12.69 0.005 ·0.029 0.005 119 .32 368.88 

~ I 
0.00 5.13 27.98 90.00 88.27 13.58 0.004 ·0.026 0.005 131.21 413.25 
0.00 5.19 30.04 90.00 88.41 14.46 0.004 -0.023 0.004 143.34 459.42 

PLUMES MERGING 
0.00 5.29 34.15 90.00 88.64 16.00 0.003 ·0.020 0.004 168.23 549.91 
0.00 5.39 38.27 90.00 88.82 17.08 0.003 ·0.017 0.003 193.29 628.32 
0.00 5.47 42.39 90.00 88.95 18.01 0.002 -0.015 0.003 218.22 703.32 
0.00 5.54 46.51 90.00 89.06 18.86 0.002 -0.014 0.002 243.00 n6.6o 

PLUMES HAVE REACHED EQUILIBRIUM HEIGHT· STRATIFIED ENVIRONMENT 
0.00 5.59 49.85 90.00 89.08 20.01 ·0.001 ·0.236 0.002 263.34 834.41 

j 
0.00 5.61 50.88 90.00 89.06 20.67 ·0.002 ·0.263 0.002 269.97 850.90 
0.00 5.63 51.91 90.00 89.04 21.36 ·0.002 ·0.256 0.002 276.93 866.44 
0.00 5.64 52.94 90.00 89.01 22.08 ·0.002 -0.250 0.002 284.24 881.11 

TRAPPING LEVEL= 4.53 METERS BELOW SURFACE, DILUTION= 816.83 
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Joint can,e,,y OUtfall Initial Dilution Prediction 
Final Difnaer CClnfi..-.tion 
Ueater Density Gradient. LCIII Efflllll'lt Flw 

Joint Carviery outfall lnital Dilution Prediction: Weaker Density Gradient 
Units: Y (M) , Z (M). Legend:+ (Center Line),* (Perimeter). Port Depth : -53.340 (M) 
Z-AXIS: Distance. II STOP PLOTTING AT TRAPPING LEVEL I! 

Input No. of ports= 4 

-4.0000 +I 
I 
I * 
I + 
I 
I * 
I 
I + * 
I 
I 

.-14.0000 +I 
I * 
I * 
I 
I 
I 
I * 
I * 
I 
I + * 

-24.0000 +I * 
I + * 
I 
I + 
I * * 
I + 
I * 
I * 
I + 
I * 

-34.0000 +I + 
I * * 
I 
I * 
I 
I * * 
I + 
I + * 
I + 
I * * 

-44.0000 +I * 
I * 
I + 
I * + * 
I * * 
I * * 
I * +* 
I *+* 
I * 
I ** 

-54.0000 +---------------------------------------------------------------------------------
+ 

-5.0000 
+ 

5.0000 
+ 

15.0000 
+ 

25.0000 
Horz. Distance from Port in the Current Direction 

+ 
35.0000 

y (M) 

PLUME PATH PROFILE (Y-Z SIDE VIEW) 
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Joint C.-nery Dutfall Initial Dilutian Predictian 
Final Diffwer canti..-atian 
Ueater Density Gradient, LCIII Effluent FlCIII 

Joint Cannery outfall lnital Dilution Prediction: Weaker Density Gradient 

17.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

14.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3.5000 +I 
l 
I 
I 
I 
I 
I 
I 
I 
I 

Units: X (M), Y (M). Legend:+ (Center Line),* (Perimeter). Port Depth: -53.340 (M) 
Y-AXIS: Distance. II STOP PLOTTING AT PLUMES MERGING II 

Input No. of ports= 4 

* * + * * 
* * * * + * • * * * 

* * * + * * 
* ** + * * 

* + *** 
** + ** 

** + .. 
* + * 

* + * 
* 

* 
* 

*+ 

0.0000 +---------------------------------------------------------------------------------
+ + + + + + 

-10.0000 -6.5000 -3.0000 0.5000 4.0000 7.5000 
Horz_ Distance from Port X (M) 

PLUME PATH PROFILE (X·Y PLAN VIEW) 
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Joint Camery OUtfall Initial Dilutian Predictian 
Final Diffuser Configuratian 
Weeter Density Gradient, LCIII Efflwnt FlCIII 

Joint Camery outfall Inital Dilution Prediction: Weaker Density Gradient 

1000.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

800.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

600.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

400.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

200.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Units : Y (M) . Legend:* (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION II STOP PLOTTING AT TRAPPING LEVEL II 

* 
** 

** 
* * * 

* 
* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

0.0000 +···-···*·······*·····················-·········--································ 
+ 

0.0000 
+ + + 

1.1250 2.2500 3.3750 
Herz. Distance from Port in the Current Direction 

+ 
4.5000 

y (M) 

PLUME DILUTION PROFILE (Y·Z SIDE VIEW) 
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Joint Ca11ery Outfall Initial Dilution Prediction 
Final Di ffmer Cclnf i giration 
Ueater- Density Gradient. lledian Efflwnt Fla, 

PROGRAM UDKHOEN 
SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985 

I UNIVERSAL DATA FILE: 
_j CASE I.D. Joint Camery outfall Inital Dilution Prediction: Weaker Density Gradient 

DISCHARGE= 0.1047CU·M/S ** TEMPERATURE= 29.44-C ** SALINITY= 8.550·PPT ** DIAMETER= 0.1287 
- NUMBER OF PORTS= 4 ** SPACING= 15.24·M ** DEPTH= 53.34·M 

AMBIENT STRATIFICATION PROFILE 
DEPTH (M) TEMP CC) SALINITY (PPT) DENSITY CG/CM3) VELOCITY (M/S) 

0.00 · 28.90 35.70 1.02265 0.000 
0.61 28.90 35.70 1.02265 0.000 
3.05 28.90 35.70 1.02265 0.000 
6.10 28.80 35.70 1.02268 0.000 
9.14 28.80 35.70 1.02268 0.000 

12.19 28.80 35.70 1 .02268 0.000 

rJ 
15.24 28.80 35.70 1.02268 0.000 
18.29 28.80 35.70 1.02268 0.000 

'. 21.34 28.80 35.70 1.02268 0.000 
24.38 28.80 35.70 1.02268 0.000 
27.43 28.80 35.70 1.02268 0.000 

r:·1 30.48 28.80 35.70 1.02268 0.000 .. 
33.53 28.80 35.70 1 .02268 0.000 

' 36.58 28.80 35.70 1.02268 0.000 
39.62 28.80 35.70 1.02268 0.000 

1 
42.67 28.80 35.70 1.02268 0.000 
45.72 28.80 35.70 1.02268 0.000 

I 49.00 28.70 35.70 1.02271 0.000 
55.00 28.70 35.70 1.02271 0.000 

FROI.JOE NO= 12.54, PORT SPACING/PORT DIA= 118.41 STARTING LENGTH= 0.740 

" } 
All LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z TH1 TH2 WIDTH DRHO DTCL DSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1.000 0.00 1.00 
0.00 0.71 0.21 90.00 17.79 0.35 0.986 0.986 0.986 0.37 1.95 
0.00 1.67 0.60 90.00 28.04 1.12 0.302 0.300 0.300 1 .40 6.41 J 0.00 2.50 1.19 90.00 42.75 1. 78 0.174 0.173 0.173 3.34 11.15 ,_ 
0.00 3.17 1.97 90.00 54.86 2.32 0.118 0.117 0.117 5.79 16.42 
0.00 3.70 2.85 90.00 63.10 2.81 0.087 0.086 0.086 8.51 22.36 _ LllM 

0.00 4.12 3.79 90.00 68.62 3.27 0.067 0.066 0.066 11.38 28.99 

kJ 0.00 4.46 4.76 90.00 72.45 3.73 0.053 0.023 0.053 14.37 36.30 ,., 0.00 4.75 5.75 90.00 75.20 4.19 0.043 -0.051 0.044 17.46 44.27 
0.00 4.99 6.75 90.00 77.23 4.65 0.035 -0. 115 0.036 20.66 52.85 
0.00 5.20 7.76 90.00 78.79 5.12 0.029 -0.165 0.031 23.97 62.00 
0.00 5.39 8.n 90.00 80.04 5.59 0.025 -0.141 0.027 27.39 71. 7-1 
0.00 5.71 10.81 90.00 81.92 6.52 0.019 -0.109 0.021 34.50 92.68 
0.00 5.98 12.85 90.00 83.26 7.44 0.016 -0.087 0.017 41.95 115.64 
0.00 6.20 14.90 90.00 84.25 8.36 0.013 -0.072 0.014 49.70 140.49 

.1 
0.00 6.39 16.95 90.00 85.02 9.26 0.011 -0.060 0.012 57.73 167.12 
0.00 6.56 19.00 90.00 85.62 10.17 0.009 -0.052 0.010 66.02 195.45 
0.00 6. 71 21.05 90.00 86.10 11 .06 0.008 -0.045 0.009 74.53 225.40 
0.00 6.84 23.11 90.00 86.50 11.96 0.007 -0.039 0.007 83.27 256.91 

I 
0.00 6.96 25.16 90.00 86.83 12.85 0.006 -0.035 0.007 92.21 289.90 
0.00 7.07 27.22 90.00 87.11 13.73 0.006 -0.031 0.006 101.35 324.32 

.J 0.00 7.17 29.2B 90.00 87.35 14.61 0.005 -0.028 0.005 110.67 360.12 
PLUMES MERGING 
0.00 7.34 33.39 90.00 87.73 16.10 0.004 -0.023 0.004 129.76 428.96 
0.00 7.50 37.51 90.00 88.02 17.16 0.004 -0.021 0.004 148.94 489.09 
0.00 7.63 41.62 90.00 88.24 18.08 0.003 -0.018 0.004 168.01 546.78 
0.00 7.75 45.74 90.00 88.42 18.92 0.003 -0.017 0.003 186.96 603.20 
0.00 7.86 49.86 90.00 88.52 20.02 0.000 ·0.238 0.003 205.96 658.37 

I 
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT· STRATIFIED ENVIRONMENT 

I 0.00 7.91 51.66 90.00 88.51 20.80 0.000 -0.261 0.003 214.63 681.08 
I 0.00 7.93 52.69 90.00 88.50 21.25 0.000 -0.255 0.003 219.n 693.49 _; 

TRAPPING LEVEL= 3.42 METERS BELOl,J SURFACE, DILUTION= 659.16 
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Joint c.nery OUtfall Initial Dilutia, Predictia, 
Firal Diffwer Ccnfi..-.tia, 
Yeater Density Gradient, Nedian Effll.Blt FlCIII 

Joint Carviery outfall lnital Dilution Prediction: Weaker Density Gradient 
Units: Y CM) , Z CM). Legend:+ (Center Line),* (Perimeter). Port Depth: -53.340 CM) 
Z-AXIS: Distance. II STOP PLOTTING AT TRAPPING LEVEL II 

lnp.Jt No. of ports= 4 
2.2500 +I 

I 
I 
I 
I 
I + * 
I 
I 
I * 
I * 

-9.0000 +I 
I 
I 
I * 
I 
I 
I * + 
I * 
I 
I 

-20.2500 +I + 
I * 
I * 
I + * 
I 
I 
I * * 
I 
I * 
I + 

-31.5000 +I * * 
I + 
I + * 
I + 
I * * 
I * 
I * 
I 
I + * 
I 

-42. 7500 +I * * 
I * 
I * + 
I * + * 
I * 
I + * 
I * * 
I * * 
I ** 
I *** 

-54.0000 +·--------------------------····-----------------------------------··--·----------
+ + + + + + 

-2.5000 8.7500 20.0000 31.2500 42.5000 53. 7500 
Horz. Distance from· Port in the Current Direction Y (M) 

PLUME PATH PROFILE (Y·Z SIDE VIEW) 
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Joint Can1ery Outfall Initial Dilution Prediction 
fi,-l Difflaer CClnfigLration 
Yeater Density Gradient. lledilrl Effll.B11: FlCIII 

Joint Cannery outfall Inital Dilution Prediction: Weaker Density Gradient 

17.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

14.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7.0000 

3.5000 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Units : X CM) , Y CM). Legend:+ (Center Line), * (Perimeter). Port Depth : ·53.340 CM) 
Y-AXIS: Distance. II STOP PLOTTING AT PLUMES MERGING II 

Input No. of ports= 4 

* 
* * * 

* * 
* * 

* 
* 

** 
** 

* 
* 
* 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

* * 
+ * 

* + * 

* 
* 

* 
*+ 

* 

* * * * 
* * 

* * 
* 

* 
** 

* 
** 

0.0000 +---------------------------------------------------------------------------------
+ + + + + + 

-10.0000 -6.5000 -3.0000 0.5000 4.0000 7.5000 
Horz. Distance from Port X (M) 

PLUME PATH PROFILE (X-Y PLAN VIEW) 
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Joint Can1erf Outfall Initial Dilution Prediction 
Final Diffuser Ccnfiguration 
Uealter Density Gradient. lledi_, Effluent FlOM 

Joint Carnery OUtfall lnital Dilution Prediction: Weaker Density Gradient 

750.0000 

600.0000 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

450.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 

300.0000 

150.0000 

I 
+I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Units : Y (M) • Legend: * (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION II STOP PLOTTING AT TRAPPING LEVEL II 

** 
* 

* ** 
* * 

* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

0.0000 +·····*···*·-·····-··-··-------·-··········--···---········-·········-··-·--·-·--· 
+ 

0.0000 
+ + + 

2.0000 4.0000 6.0000 
Horz. Distance from Port in the Current Direction 

+ 
8.0000 

y CM) 

PLUME DILUTION PROFILE (Y·Z SIDE VIEW) 
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Joint c.t,ery OUtfall Initial Dilution Prediction 
Fi•l Diffuser canfi .... tian 
Ueaker Density Cira:lient, llui- Effl&art FLOM 

PROGRAM OOICHDEN 
SOLUTION TO KILTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS ANO VERTICAL GRADIENTS. AUG 1985 

UNIVERSAL DATA FILE: 
CASE 1.0. Jo;nt Carnery Outfall lnital D;lution Prediction: Weaker Density Gradient 
DISCHARGE= 0.149pCU•M/S ** TEMPERATURE= 29.44-C ** SALINITY= 6.00D·PPT ** DIAMETER= 0.1287 
- NUMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 

AMBIENT STRATIFICATION PROFILE 
DEPTH CM) TEMP (C) SALINITY CPPT) DENSITY (G/CM3) VELOCITY (M/S) 

0.00 28.90 35.70 1.02265 0.000 
0.61 28.90 35.70 1.02265 0.000 
3.05 28.90 35. 70 1.02265 0.000 
6.10 28.80 35.70 1.02268 0.000 
9.14 28.80 35.70 1 .02268 0.000 

12.19 28.80 35.70 1.02268 0.000 

r-1 
15.24 28.80 35.70 1 .02268 0.000 

:··· 18.29 28.80 35.70 1.02268 0.000 
i 21.34 28.80 35.70 1 .02268 0.000 

24.38 28.80 35.70 1.02268 0.000 
27.43 28.80 35.70 1 .02268 0.000 

~l 
30.48 28.80 35.70 1.02268 0.000 
33.53 28.80 35.70 1.02268 0.000 
36.58 28.80 35.70 1.02268 0.000 
39.62 28.80 35.70 1.02268 0.000 

, l 42.67 28.80 35.70 1.02268 0.000 
45.72 28.80 35.70 1.02268 0.000 
49.00 28.70 35.70 1.02271 0.000 
55.00 28.70 35.70 1.02271 0.000 

FRCXJDE NO= 17.05, PORT SPACING/PORT DIA= 118.41 STARTING LENGTH= 0.743 
ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z TH1 TH2 WIDTH ORHO OTCL DSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1.000 0.00 1.00 
0.00 0.72 0.20 90.00 16.52 0.35 0.993 0.993 0.993 0.26 1.94 

J 
0.00 1.69 0.54 90.00 22.44 1 .14 0.305 0.303 0.303 1.00 6.35 
0.00 2.60 1.01 90.00 32.65 1.86 0.178 0.1n 0.1n 2.46 10.88 
0.00 3.41 1.64 90.00 43.60 2.49 0.124 0.123 0.123 4.47 15.69 
0.00 4.09 2.41 90.00 52.n 3.03 0.093 0.092 0.092 6.80 20.89 

: l 
0.00 4.66 3.27 90.00 59.70 3.52 0.073 0.072 0.072 9.34 26 • 57 ,,; -; ""M 

0.00 5.14 4.18 90.00 64.82 3.99 0.059 0.059 0.059 12.00 32.76 
0.00 5.55 5.13 90.00 68.64 4.45 0.049 -0.012 0.049 14.76 39.44 
0.00 5.90 6.10 90.00 71.52 4.91 0.040 -0.081 0.041 17.60 46.62 
0.00 6.20 7.08 90.00 73.75 5.37 0.034 -0.142 0.035 20.53 54.26 
0.00 6.47 8.07 90.00 75.52 5.84 0.029 -o. 167 0.031 23.54 62.34 
0.00 6.94 10.08 90.00 78.20 6.76 0.023 -0.132 0.024 29.79 79.75 
0.00 7.33 12.10 90.00 80.12 7.67 0.018 -0.106 0.019 36.32 98.n 
0.00 7.65 14.13 90.00 81.55 8.58 0.015 -0.088 0.016 43.09 119.31 
0.00 7.93 16.17 90.00 82.66 9.48 0.013 -0.074 0.014 50.09 141.29 
0.00 8.18 18.22 90.00 83.53 10.38 0.011 -0.064 0.012 57.30 164.65 
0.00 8.40 20.27 90.00 84.24 11.27 0.010 -0.055 0.010 64.70 189.32 
0.00 8.60 22.32 90.00 84.82 12.16 0.008 -0.049 0.009 72.29 215.24 
0.00 s.n 24.37 90.00 85.30 13.05 0.007 -0.043 0.008 80.04 242.38 
0.00 8.94 26.42 90.00 85. 71 13.93 0.007 -0.039 0.007 87.97 270.67 
0.00 9.08 28.47 90.00 86.06 14.80 0.006 -0.035 0.006 96.04 300.07 

PLUMES MERGING 
0.00 9.34 32.58 90.00 86.63 16.23 0.005 -0.030 0.005 112.54 355.20 
0.00 9.57 36.70 90.00 87.05 17.26 0.004 -0.026 0.005 129.07 403.88 
0.00 9.n 40.81 90.00 87.37 18. 17 0.004 -0.023 0.004 145.50 450.76 
0.00 9.95 44.92 90.00 87.63 19.01 0.004 -0.021 0.004 161.82 496.68 
0.00 10.11 49.04 90.00 87.83 19.90 0.002 -0. 159 0.004 178.09 541.87 
0.00 10.27 53. 15 90.00 87.88 21.30 0.001 -0.237 0.003 194.96 584.62 

DILUTION= 586.44 
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.loint Camery outfall Initial Dilution Prediction 
Final Difnaer Ccnfi..-ation 
Weaker Density Gradient. Nui- EffllBlt Flw 
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·44.0000 

·54.0000 

Joint Cannery outfall Inital Dilution Prediction: Weaker Density Gradient 
Units: Y (M), Z CM). Legend:+ (Center Line),* (Perimeter). Port Depth: ·53.340 (M) 
Z·AXIS: Distance. II STOP PLOTTING AT TRAPPING LEVEL II 

Input No. of ports= 4 
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Horz. Distance from Port in the Current Direction Y (M) 

PLUME PATH PROFILE (Y·Z SIDE VIEW) 
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aint Carnery Dutfall Initial Dilutian Predictian 
Fiml Diff&aer Canfi..-.tian 
Weaker Density Gradient. llaxi- Effluent FlCIII 

Joint Carviery outfall lnital Dilution Prediction: Weaker Density Gradient 
Units: X (M), Y (M). Legend:+ (Center Line),* (Perimeter). Port Depth: -53.340 (M) 
Y-AXIS: Distance. II STOP PLOTTING AT PLUMES MERGING II 
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Input No. of ports= 4 
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Horz. Distance from Port X (M) 

PLUME PATH PROFILE (X·Y PLAN VIEW) 
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Joint c.inery Outfall Initial Dilution Prediction 
Final Di ffuler Canf i ..-.ti on 
Weeter Density Gradient, llui- Effluent FlCIII 

Joint Camery outfall Inital Dilution Prediction: Weaker Density Gradient 
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Units: Y (M) . Legend:* (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION If STOP PLOTTING AT TRAPPING LEVEL II 
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PLUME DILUTION PROFILE (Y·Z SIDE VIEW) 
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Joint Camery outfall Initial Dilution Prediction 
Firal Diffuser Cclnfigiration 
Stni,ver Density GnKfient, Low Effluent Flow 

UNIVERSAL DATA FILE: 

PROGRAM UDKHDEN 
SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985 

CASE 1.0. Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
DISCHARGE= 0.0618CU·M/S ** TEMPERATURE= 29.44-C ** SALINITY=14.470·PPT ** DIAMETER= 0.1287 
** NUMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 

AMBIENT STRATIFICATION PROFILE 
DEPTH (M) TEMP (C) SALINITY (PPT) DENSITY (G/CM3) VELOCITY (M/S) 

0.00 27.30 35.50 1.02302 0.000 
3.00 27.30 35.50 1.02302 0.000 
6.00 27.20 35.60 1.02313 0.000 
9.00 27.20 35.60 1.02313 0.000 

12.00 27.20 35.70 1.02320 0.000 
15.00 27.20 35.80 1.02328 0.000 
18.00 27.20 35.80 1.02328 0.000 
21.00 27.20 35.80 1.02328 0.000 
24.00 27.20 35.90 1.02336 0.000 
27.00 27.20 35.90 1 .02336 0.000 
30.00 27.20 35.90 1.02336 0.000 
33.00 27.20 35.90 1.02336 0.000 
36.00 27.20 35.90 1 .02336 0.000 
39.00 27.20 35.90 1 .02336 0.000 
41.00 27.20 35.90 1.02336 0.000 
44.00 27.20 35.90 1.02336 0.000 
47.00 27.20 35.90 1.02336 0.000 
49.00 27.20 36.00 1 .02343 0.000 
55.00 27.20 36.00 1.02343 0.000 

FROUOE NO= 8.19, PORT SPACING/PORT DIA= 118.41, STARTING LENGTH= 0.730 
ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z TH1 TH2 WIDTH DRHO DTCL DSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1 .000 1.000 0.00 1.00 
0.00 0.70 0.23 90.00 21.38 0.36 0.964 0.964 0.964 0.62 2.00 
0.00 1.59 0.74 90.00 40.70 1.07 0.292 0.291 0.291 2.28 6.63 
0.00 2.24 1.53 90.00 58.25 1.62 0.162 0. 161 0.161 4.97 11.99 
0.00 2.70 2.45 90.00 68.10 2.10 0.105 0.105 0.105 8.08 18.40 
0.00 3.03 3.43 90.00 73.72 2.56 0.075 0.074 0.074 11.40 25 .86 - t ... 1. lo..,,. 
0.00 3.29 4.42 90.00 77.24 3.02 0.056 0.056 0.056 14.90 34.33 
0.00 3.50 5.43 90.00 79.51 3.50 0.040 0.044 0.040 18.57 43.73 
0.00 3.67 6.45 90.00 81.03 4.00 0.029 0.036 0.028 22.45 53.95 
0.00 3.82 7.46 90.00 82.17 4.50 0.024 0.030 0.024 26.54 64.89 
0.00 3.95 8.,49 90.00 83.10 4.98 0.021 0.025 0.020 30.82 76.52 
0.00 4.07 9.51 90.00 83.85 5.46 0.018 0.022 0.017 35.27 88.84 
0.00 4.27 11.56 90.00 85.00 6.41 0.014 0.017 0.013 44.59 115 .44 
0.00 4.43 13.61 90.00 85.82 7.34 0.011 0.013 0.011 54.41 144.55 
0.00 4.57 15.67 90.00 86.44 8.27 0.009 0.011 0.009 64.66 176.04 
0.00 4.69 17.72 90.00 86.91 9.18 0.007 0.009 0.007 75.30 209.79 
0.00 4.79 19.78 90.00 87.28 10.09 0.006 0.008 0.006 86.28 245.69 
0.00 4.88 21.83 90.00 87.58 10.99 0.006 0.007 0.005 97.60 283.65 
0.00 4.97 23.89 90.00 87.83 11.89 0.005 0.006 0.005 109.21 323.58 
0.00 5.04 25.95 90.00 88.04 12. 78 0.004 0.005 0.004 121.10 365.40 
0.00 5.11 28.01 90.00 88.21 13.66 0.004 0.005 0.004 133.26 409.04 
0.00 5.17 30.07 90.00 88.35 14.58 0.002 0.004 0.002 145.68 454.41 

PLUMES MERGHIG 
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT - STRATIFIED ENVIRONMENT 
0.00 5.22 31.87 90.00 88.30 16.01 -0.003 0.004 -0.004 157.24 492.43 
0.00 5.25 32.90 90.00 88.18 17.17 -0.004 0.004 -0.005 164.61 509.27 
0.00 5.29 33.93 90.00 88.00 18.46 -0.004 0.004 -0.005 172.87 523.43 
0.00 5.33 34.95 90.00 87.76 20.02 -0.004 0.004 -0.005 182.27 535.42 
0.00 5.37 35.98 90.00 87.38 22.19 -0.004 0.003 -0.004 193.35 545.30 
0.00 5.42 37.01 90.00 86. 71 26.02 -0.004 0.003 -0.004 207.50 552.94 
0.00 5.49 38.04 90.00 84.91 39.35 -0.003 O.Ob3 -0.003 230.61 557.79 
0.00 5.58 38.67 90.00 72.31 124.90 -0.003 0.003 -0.004 260.86 559.30 

PLUMES HAVE REACHED MAXIMUM HEIGHT· STRATIFIED ENVIRONMENT 

TRAPPING LEVEL= 22.70 METERS BELO'J SURFACE, DILUTlc»I= 467.17 
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Joint Csl'lery Outfall Initial Dilution Prediction 
Final Diffuser Configuration 
Stni,ver Density Gradient, LOIi Effluent FlCIII 

Joint Camery outfall Initial Dilution Prediction: Stronger Density Gradient 
Units : Y (M) , Z (M). Legend:+ (Center Line),* (Perimeter). Port Depth : -53.340 CM) 
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Z·AXIS : Distance. II STOP PLOTTING AT TRAPPING LEVEL II 
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Input No. of ports= 4 
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PLUME PATH PROFILE (Y-Z SIDE VIE~) 
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Joint camery Ckrt:fal l Initial Dilution Prediction 
Fi .. l Difflser Configuration 
Struver Density Gradient. Law Effluent Flaw 

Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
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Units : X CM) , Y CM). Legend: + (Center Line), * (Perimeter). Port Depth : ·53.340 CM) 
Y·AXIS : Distance. !! STOP PLOTTING AT PLUMES MERGING II 

Input No. of ports= 4 

* * + * * 
* * * * + * * • * 

* * * + * * * 

* * + * * 
** + *** 

** + ** 
** + * 

* + * 
* + * 

* 
* 

* 
*+ 

0.0000 +--------------·------------------------------------------------------------------
+ + + + + + 

-10.0000 -6.5000 -3.0000 0.5000 4.0000 7.5000 
Horz. Distance from Port X CM) 

PLUME PATH PROFILE (X-Y PLAN VIEW) 
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Joint Carnery OUtfall Initial Dilution Prediction 
Final Di.ffuser Configuration 
Stral(llel Density Gradient. LOIi Effluent FlCIII 

Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
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Units : Y CM) • Legend: * (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION I! STOP PLOTTING AT TRAPPING LEVEL II 
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1. 1250 2.2500 3.3750 
Horz. Distance from Port in the Current Direction 
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PLUME DILUTION PROFILE (Y·Z SIDE VIEW) 
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Joint Caniery OUtfal l Initial Dilution Prediction 
Firal Difflser Cclnfigw-ation 
St~ Density Gradient, llediSI Effluent FLCIII 

UNIVERSAL DATA FILE: 

PROGRAM UDKHDEN 
SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985 

CASE I.D. Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
DISCHARGE= 0.1047CU·M/S ** TEMPERATURE= 29.44-C ** SALINITY= 8.550-PPT ** DIAMETER= 0.1287 
** NUMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 

AMBIENT 
DEPTH CM) 

0.00 
3.00 
6.00 
9.00 

12.00 
15.00 
18.00 
21.00 
24.00 
27.00 
30.00 
33.00 
36.00 
39.00 
41.00 
44.00 
47.00 
49.00 
55.00 

STRATIFICATION PROFILE 
TEMP CC) 

27.30 
27.30 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 
27.20 

SALINITY (PPT) 
35.50 
35.50 
35.60 
35.60 
35.70 
35.80 
35.80 
35.80 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
36.00 
36.00 

DENSITY (G/CM3) VELOCITY (M/S) 
1.02302 0.000 
1.02302 0.000 
1.02313 0.000 
1.02313 0.000 
1.02320 0.000 
1.02328 0.000 
1.02328 0.000 
1.02328 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02336 0.000 
1.02343 0.000 
1.02343 0.000 

FROUDE NO= 12.32, PORT SPACING/PORT DIA= 118.41 STARTING LENGTH= 0.740 
ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z TH1 TH2 WIDTH DRHO DTCL DSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1.000 0.00 1.00 
0.00 0.71 0.21 90.00 ·,1.88 0.35 0.985 0.985 0.985 0.37 1.95 
0.00 1.66 0.60 90.00 28.44 1.12 0.302 0.300 0.300 1.40 6.42 
0.00 2.49 1.20 90.00 43.38 1.n 0.174 0.172 0.172 3.33 11.17 
0.00 3.16 1.99 90.00 55.49 2.31 0.118 0.117 0.117 5.76 16.48 
0.00 3.68 2.88 90.00 63.63 2.80 0.086 0.086 0.086 8.43 22.47_ S·&"" 
0.00 4.09 3.82 90.00 69.06 3.26 0.067 0.066 0.066 11.27 29.16 
0.00 4.42 4.79 90.00 n.81 3. 72 0.052 0.053 0.051 14.21 36.55 
0.00 4.70 5.79 90.00 75.42 4.19 0.040 0.043 0.039 17.28 44.59 
0.00 4.94 6.79 90.00 n.29 4.67 0.031 0.036 0.031 20.47 53.20 
0.00 5.16 7.79 90.00 78.n 5.16 0.027 0.031 0.026 23.80 62.36 
0.00 5.35 8.81 90.00 79.98 5.63 0.023 0.027 0.023 27.24 72.04 
0.00 5.67 10.84 90.00 81.83 6.57 0.018 0.021 0.018 34.44 92.92 
0.00 5.94 12.88 90.00 83.17 7.50 0.014 0.017 0.014 42.00 115. 74 
0.00 6.16 14.93 90.00 84.16 8.42 0.012 0.014 0.012 49.87 140.39 
0.00 6.36 16.98 90.00 84.93 9.33 0.010 0.012 0.010 58.03 166.78 
0.00 6.53 19.03 90.00 85.53 10.23 0.009 0.010 0.008 66.44 194.84 
0.00 6.68 21.08 90.00 86.02 11.13 0.007 0.009 0.007 75 .10 224.49 
0.00 6.82 23.14 90.00 86.43 12.02 0.007 0.008 0.006 83.97 255.66 
0.00 6.94 25.19 90.00 86.76 12.91 0.006 0.007 0.006 93.06 288.30 
0.00 7.05 27.25 90.00 87.04 13.80 0.005 0.006 0.005 102.35 322.33 
0.00 7.15 29.31 90.00 87.29 14.67 0.005 0.005 0.005 111.82 357.72 

PLUMES MERGING 
PLUMES HAVE REACHED EQUILIBRIIM HEIGHT· STRATIFIED ENVIRONMENT 
0.00 7.30 32.65 90.00 87.36 16.62 ·0.002 0.005 ·0.002 128.06 410.78 
0.00 7.35 33.68 90.00 87.30 17.34 ·0.002 0.005 -0.002 133.55 423. 71 
0.00 7.40 34. 71 90.00 B7.23 18.05 ·0.002 0.004 ·0.002 139.35 435.59 
0.00 7.45 35.73 90.00 87.16 18.75 ·0.002 0.004 -0.002 145.45 446.61 
0.00 7.50 36.76 90.00 87.07 19.47 -0.002 0.004 ·0.002 151.88 456.88 
0.00 7.56 37.79 90.00 86.98 20.21 ·0.002 0.004 -0.002 158.68 466.46 
0.00 7.61 38.82 90.00 86.86 21.05 ·0.003 0.004 ·0.003 165.88 475.40 
0.00 7.67 39.85 90.00 86.58 22.50 ·0.005 0.004 ·0.005 173.72 483.51 
0.00 7. 74 40.87 90.00 85.87 25.72 -0.007 0.004 ·0.007 183.12 490.25 
0.00 7.83 41 .90 90.00 83.10 41.40 -0.007 0.003 ·0.007 198.48 494.62 
0.00 7.95 42.34 90.00 · 55 . .62 203.67 -0.008 0.003 ·0.008 219.89 495.63 

PLUMES HAVE REACHED MAXIMUM HEIGHT· STRATIFIED ENVIRONMENT 

TRAPPING LEVEL= 21.97 METERS BELO\,/ SURFACE, DILUTION= 392. 75 

A-J8 



., 
I 

i 

r-1 r • . 

I, 

r.-1 

J 
\ 

.J 

\I 
;I 

; ) 

Joint Cannery OUtfall Initial Dilution Prediction 
Final DifflSer Confi..-ation 
Stro,ver Density Gradient. Nedimt Effluent FLOII 

Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
Units : Y CM) • Legend : * (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION II STOP PLOTTING AT TRAPPING LEVEL II 

375.0000 +I * 
I 
I 
I 
I 
I 
I 
I 
I 
I 

300.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

225.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

150.0000 +I 
I 
I 
I 
I 
I 
I 

75.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I * 

* 
* 

* 
* 

* * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 

0.0000 +------*- -------------------------------------------------------------
+ 

0.0000 
+ 

1.5000 
+ 

3.0000 
+ 

4.5000 
Horz. Distance from Port in the Current Direction 

+ 
6.0000 

y (M) 

PLUME DILUTION PROFILE (Y-Z SIDE VIE~) 
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Joint c..,ery Dutfall Initial Dilution Prediction 
Firml Diffuser Confi....-ation 
Strorve,- Density Gradient. Nedian Effluent Fl011 

·16.5000 

-24.0000 

-31.5000 

·39.0000 

-46.5000 

·54.0000 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I* 

+I 
I 
I 

Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
Units : Y CM) , Z (M). Legend:+ (Center Line), * (Perimeter). Port Depth : ·53.340 CM) 
Z·AXIS : Distance. II STOP PLOTTING AT TRAPPING LEVEL II 

Input No. of ports= 4 

+ 
+ 

* 

I * * 
I 
I 
I 
I * 
I 
I 

+I 
I * 
I 
I 
I 
I 
I * 
I 
I 
I 

+I * 
I 
l 
I 
I 
I 
l 
I * 
I * 
I * 

+I 
I + 
I 
I * + 
I 
I * + * 
I * 
I * 
I +*+ 
I * * 

+ 

+ 
+ 

+ * 

* 

+ * 

* 
+ * 

* 

* 
* 

* 

* 

* 

* 

* 

* 

+---------------------------------------------------------------------------------
+ + + + + + 

-0.3125 7.1875 14.6875 22.1875 29.6875 37. 1875 
Horz. Distance from Port in the Current Direction Y CM) 

PLUME PATH PROFILE (Y-Z SIDE VIEW) 
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Joint c..,ery Outfall Initial Dilution Prediction 
Final Diffuser Ccnfiguration 
Stro,ver Density Gradient, lledian Effluent Flow 

Joint Cannery outfall Initial Dilution Prediction: Stronger Density Gradient 
Units: X CM) , Y CM). Legend:+ (Center Line),* (Perimeter). Port Depth: ·53.340 CM) 
Y·AXIS: Distance. I! STOP PLOTTING AT PLUMES MERGING I! 

17.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·14.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7.0000 +I 
I 
I 
I 
I 
I 
I 
I 
I 

3.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Input No. of ports= 4 

* * * * 
* * 

* * 
* 

* 
** 

** 
* 
* 
* 
* 

* 

* 

+ * * * 
+ * * * 
+ * * 
+ * 
+ * 
+ ** 
+ * 
+ * 
+ * 
+ * 

* 
+ * 
+ * 

* 
* 

*+ 

0.0000 +································································---······-·-····-
+ 

-10.0000 
+ + + 

·6.5000 ·3.0000 0.5000 
Horz. Distance from Port X CM) 

PLUME PATH PROFILE (X·Y PLAN VIE~) 
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Joint c.nery Clutfall Initial Dilutian Predictian 
Fiml Diffuser Confi..-.tian 
Stra,wer Density Cradient. ligh Effluent Fle111 

UNIVERSAL DATA FILE: 

PROGRAM OOKHDEN 
SOLUTION TO flJLTIPLE BUOYANT DISCHARGE PROBLEM WITH 
AMBIENT CURRENTS ANO VERTICAL GRADIENTS. AUG 1985 

CASE I.D. Joint Camery OUtfall Initial Dilution Prediction: Stronger Density Gradient 
DISCHARGE= 0.1490CU·M/S ** TEMPERATURE= 29.44-C ** SALINITY= 6.000-PPT - DIAMETER= 0.1287 
** NUMBER OF PORTS= 4 ** SPACING= 15.24-M ** DEPTH= 53.34-M 

AMBIENT STRATIFICATION PROFILE 
DEPTH (M) TEMP (C) SALINITY (PPT) DENSITY (G/CM3) VELOCITY (M/S) 

0.00 27.30 35.50 1.02302 0.000 
3.00 27.30 35.50 1.02302 0.000 
6.00 27.20 35.60 1.02313 0.000 
9.00 27.20 35.60 1.02313 0.000 

12.00 27.20 35.70 1.02320 0.000 
15.00 27.20 35.80 1.02328 0.000 
18.00 27.20 35.80 1.02328 0.000 
21.00 27.20 35.80 1.02328 0.000 
24.00 27.20 35.90 1.02336 0.000 
27.00 27.20 35.90 1.02336 0.000 
30.00 27.20 35.90 1.02336 0.000 
33.00 27.20 35.90 1.02336 0.000 
36.00 27.20 35.90 1.02336 0.000 
39.00 27.20 35.90 1.02336 0.000 
41.00 27.20 35.90 1.02336 0.000 
44.00 27.20 35.90 1.02336 0.000 
47.00 27.20 35.90 1.02336 0.000 
49.00 27.20 36.00 1.02343 0.000 
55.00 27.20 36.00 1.02343 0.000 

FROOOE NO= 16.79, PORT SPACING/PORT DIA= 118.41 STARTING LENGTH= o. 743 
ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS. 

X y z TH1 TH2 WIDTH ORHO DTCL OSCL TIME DILUTION 
0.00 0.00 0.00 90.00 15.00 0.13 1.000 1.000 1.000 0.00 1.00 
0.00 0.72 0.20 90.00 16.56 0.35 0.992 0.992 0.992 0.26 1.94 
0.00 1.69 0.54 90.00 22.67 1.14 0.305 0.303 0.303 1.00 6.35 
0.00 2.60 1.02 90.00 33.12 1.86 0.178 0.1n 0.1n 2.46 10.89 
0.00 3.40 1.66 90.00 44.19 2.48 0.124 0.123 0.123 4.45 15. 71 
0.00 4.08 2.44 90.00 53.36 3.02 0.093 0.092 0.092 6.n 20.95 
0.00 4.64 3.30 90.00 60.23 3.51 0.073 0.072 0.072 9.27 26.67· S ,1-,,,. 
0.00 5. 11 4.21 90.00 65.29 3.97 0.059 0.059 0.059 11.90 32.91 
0.00 5.50 5.16 90.00 68.99 4.44 0.047 0.049 0.046 14.63 39.65 
0.00 5.85 6.13 90.00 71.70 4.91 0.037 0.041 0.036 17.45 46.88 
0.00 6.15 7.12 90.00 73.78 5.39 0.031 0.035 0.031 20.38 54.53 
0.00 6.43 8.11 90.00 75.50 5.87 0.027 0.031 0.027 23.40 62.61 
0.00 6.89 10.12 90.00 78.14 6.80 0.021 0.024 0.021 29.69 80.00 
0.00 7.28 12.14 90.00 80.04 7.72 0.017 0.019 0.017 36.28 98.95 
0.00 7.61 14.17 90.00 81.47 8.63 0.014 0.016 0.014 43.12 119 .40 
0.00 7.90 16.21 90.00 82.58 9.53 0.012 0.014 0.012 50.19 141.26 
0.00 8.15 18.25 90.00 83.46 10.43 0.010 0.012 0.010 57.47 164.48 
0.00 8.37 20.30 90.00 84.17 11.33 0.009 0.010 0.009 64.96 189.00 
0.00 8.57 22.35 90.00 84.75 12.22 0.008 0.009 0.008 72.62 214.75 
0.00 8.75 24.40 90.00 85.24 13.10 0.007 0.008 0.007 80.47 241.70 
0.00 8.91 26.45 90.00 85.65 13.98 0.006 0.007 0.006 88.47 269.79 
0.00 9.06 28.51 90.00 86.00 14.85 0.006 0.006 0.006 96.64 298.98 

PU.MES MERGING 
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT· STRATIFIED ENVIRONMENT 
o.oo 9.33 32.62 90.00 86.31 16.79 -0.001 0.005 -0.001 113 .62 351.82 
0.00 9.40 33.64 90.00 86.29 17.37 -0.001 0.005 -0.001 118.18 362.69 
0.00 9.46 34.67 90.00 86.27 17.92 -0.001 0.005 -0.001 122.91 372.93 
0.00 9.53 35.70 90.00 86.24 18.45 -0.001 0.005 -0.001 127.80 382.65 
0.00 9.60 36.73 90.00 86.21 18.96 -0.001 0.005 -0.001 132.85 391.92 
0.00 9.67 37.75 90.00 86.18 19.47 -0.001 0.005 -0.001 138.06 400.79 
0.00 9.74 38.78 90.00 86.15 20.00 -0.001 0.005 -0.002 143.43 409.30 
0.00 9.81 39.81 90.00 86.02 20.76 -0.003 0.005 -0.004 149.05 417.38 
0.00 9.88 40.84 90.00 85.73 21.97 -0.005 0.004 -0.006 155.11 424.79 
0.00 9.96 41.86 90.00 85.16 24.09 -0.007 0.004 -0.008 162.02 431.21 
0.00 10.06 42.89 90.00 83.83 29.07 -0.008 0.004 -0.008 171.00 436.18 
0.00 10.21 43.90 90.00 76.n 60.05 -0.009 0.003 -0.009 187.45 439.04 
0.00 10.36 44.14 90.00 ·34.82 186.82 -0.009 0.003 -0.009 203.47 439.42 

PLUMES HAVE REACHED MAXIMUM HEIGHT· STRATIFIED ENVIRONMENT 

TRAPPING LEVEL= 21.26 METERS BELOW SURFACE, DILUTION= 345.68 
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Joint Carnery OUtfall Initial Dilution Prediction 
Final Diffuser Canfi..-.tion 
stf"CIIV!I" Density Gradient, ligh Effluent FlOM 

Joint Cannery outfall Initial Dilution Prediction: Stronger Density Gradient 
Units: Y CM) , Z CM). Legend:+ (Center Line),* (Perimeter). Port Depth: ·53.340 CM) 
Z-AXIS: Distance. II STOP PLOTTING AT TRAPPING LEVEL II 

Input No. of ports s 4 
·16.5000 +I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

·24.0000 +I 
I 
I 
I 
I 

·31.5000 

-39.0000 

I 
I 
I 
I 
I 

+I 
I 
l 
I 
l 
I 
I 
I 
I 
I 

* + 

* 
+ 

* 

+ 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

* • + * 

-46.5000 
* 

+ 

* 
+ * 

+I + * 
I * * 
I + * 
I + 

I * 
I * +* 
I * 
I ** 
l * **+ 
l *+** 

* 

* 

* 

* 

* 

* 

* 

* 

* 

-54.0000 +-------------------------------------------------------------------------·-------
+ + + + + + 

0.0000 7.5000 15.0000 22.5000 30.0000 37.5000 
Horz. Distance from Port in the Current Direction Y CM) 

PLUME PATH PROFILE (Y-Z SIDE VIE~) 
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Joint c.w,ery Dutfall Initial Dilution Prediction 
Final Diffuser CGnfig&ration 
Strarver Density Gradient• Ii gh Eff llJ!llt FlOII 

Joint cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 

17.5000 

14.0000 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10.5000 +I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7.0000 

3.5000 

+I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+I 
I 
l 
I 
I 
I 
I 
I 
I 
l 

Units : X CM) , Y CM). Legend:+ (Center Line), * (Perimeter). Port Depth : -53.340 CM) 
Y-AXIS: Distance. II STOP PLOTTING AT PLUMES MERGING II 
Input No- of ports= 4 

* 
* * 

* * 
* * 

* 
* 

* 
* 
* 
* 

* 
* 
* 

* 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

* + 

* 

* 

+ * 

* 
* 

*+ 

* 

* 

* 
* 

* 

** 
* 

* 

* 
* 

* 
* * 

* 
* * 

0.0000 +---------------------------------------------------------------------------------
+ + + + + + 

-10.0000 -6.5000 -3.0000 0.5000 4.0000 7.5000 
Herz. Distance from Port X (M) 

PLUME PATH PROFILE (X-Y PLAN VIEW) 
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Joint Ca-nery ~fall Initial Dilution Prediction 
Final Diffwer Canfigur-ation 
Strarver Density Gradient, ligh Effluent Flw 

Joint Cannery Outfall Initial Dilution Prediction: Stronger Density Gradient 
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Units : Y (M) • Legend : * (DILUTION) Port Depth : ·53.340 (M) 
Z·AXIS: DILUTION !I STOP PLOTTING AT TRAPPING LEVEL II 

* 
* 

* 
* * 

** 
* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

0.0000 +·····*··········································································· 
+ 

0.0000 
+ 

2.0000 
+ 

4.0000 
+ 

6.0000 
Horz. Distance from Port in the Current Direction 

+ 
8.0000 

y (M) 

PLUME DILUTION PROFILE (Y·Z SIDE VIEW) 
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output of CDIFF for final diffuser configuration 
_(comnents added to output file in small type) 

****** DIFFUSION/ADVECTION MODEL FOR OCEAN DISCHARGE****** 
****** EPA REGION 10 ****** 
****** Joint Cannery outfall - Final Configuration ****** 

DECAY RATE= .00 DAYS**-1 
DIFFUSER WIDTH= 200. FEET 

OCEAN CURRENT= . 0 FEET/ SECOND co.os cm/sec input> 
DISTANCE TO SHORELINE= 2000. FEET 

EFFLUENT CONCENTRATION= 100. CdllllllY variable of 100¾) 
INITIAL DILUTION= 1.0 (dllll!1y variable of 100¾) 

DISTANCE EST. CONCENTRATION EST. DILUTION 
(FEET) C/L S/L C/L S/L 

200. 24.74 .oo 4.0 ******* 
400. 13.59 .08 7.4 1226.7 
600. 9.37 1.19 10.7 84.3 
800. 7.16 2.87 14.0 34.9 

1000. 5.86 4.04 17.1 24.7 
1200. 5.10 4.63 19.6 21.6 
1400. 4.64 4.83 21.5 20.7 
1600. 4.34 4.81 23.0 20.8 
1800. 4 .12 4.67 24.3 21.4 
2000. 3.94 4.49 25.4 22.3 
2200. 3.77 4.28 26.5 23.3 
2400. 3.62 4.08 27.7 24.5 
2600. 3.47 3.87 28.8 25.8 
2800. 3.33 3.68 30.1 27.2 
3000. 3.19 3.50 31. 3 28.6 
3200. 3.06 3.33 32.7 30.0 
3400. 2.94 3.18 34.0 31.4 
3600. 2.83 3.04 35.4 32.9 
3800. 2.72 2.90 36.8 34.4 
4000. 2.62 2.78 38.2 36.0 

C-2 


	1
	2
	3
	4
	5
	6



